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GENERAT.  guidelines  & RULES  OF  THUMB  FOR  SDHW  SYSTEMS 


Siting  & Orientation 

1.  True  south  in  Montana  is  14°  to  21°  east  of  Magnetic  south, 
depending  on  the  location  (e.g.,  Missoula  is  20°  east  and 
Miles  City  is  15°  east  ). 

2.  Solar  collectors  should  be  oriented  within  30°  east  or  west  of 
true  south.  At  30°  off  true  south,  the  annual  average  system 
performance  (output)  will  be  about  5 percent  less  than  that 
for  true  south.  Orientation  east  of  south  will  allow  the 
system  to  begin  collecting  solar  energy  earlier  in  the 
morning. 

3.  Solar  collectors  should  be  tilted  at  an  angle  of  latitude  +. 
10°.  Latitudes  for  Montana  range  from  45°  to  49°.  The 
steeper  tilt  angles  (55°  to  60°)  bias  the  collection  of  solar 
energy  toward  the  winter  (due  to  low  sun  angles  and 
ground/snow  reflection)  and  assist  the  collectors  in  shedding 


snow. 


4.  Solar  collectors  should  not  be  shaded  more  than  5 percent  by 
surrounding  trees,  buildings,  etc.  from  9 a.m.  to  3 p.m. 
Mountain  Standard  Time. 

Sizing  & Performance 

1.  The  consumption  of  hot  water  in  a typical  residence  is  15  to 
20  gallons  per  person  per  day. 

2.  The  annual  energy  consumption  for  domestic  water  heating  in  a 
residence  is  25  to  50  percent  of  the  total  annual  energy 
consumption  in  the  residence,  depending  on  the  number  of 
occupants,  the  type  of  heating  systems,  the  insulation  levels 
in  the  residence,  etc. 

3.  A solar  design  method,  such  as  F-Chart,  should  be  used  in 
conjunction  with  actual  measured  solar  radiation  values  for 
the  location  in  question  to  size  a SDHW  system  and  predict  the 

energy  savings. 

4.  SDHW  systems  are  generally  sized  to  reduce  annual  hot  water 
energy  use  by  50  to  80  percent  and  generally  require  50  to  100 
square  feet  of  solar  collector  area.  Both  the  savings  and 
area  depend  on  a number  of  factors. 


5. 


Liquid-based  SDHW  systms  are  generally  more  efficient  than 
air-based  systems  due  to  higher  pump  and  heat  exchanger 
efficiencies  and  higher  fluid  thermal  conductivities  and  heat 
capacities . 

6.  Liquid-based  SDHW  systems  generally  convert  25  to  50  percent 
of  the  solar  radiation  strikinging  on  the  collectors  into 
useful,  delivered  heat.  The  actual  efficiency  of  any  system 
depends  on  factors  such  as  collector  type,  design  and 
installation,  pipe  and  tank  insulation  levels,  and  control 
operation. 

7.  The  energy  consumed  by  pumps  and  controls  ("parasitic"  energy) 
in  a liquid-based  SDHW  system  is  generally  2 to  4 percent  of 
the  energy  collected  by  the  solar  collectors.  In  other  words, 
the  system  has  a Collection  Coefficient  of  Performance  of  25 
to  50. 

Design  & Installation 

1.  The  performance,  energy  savings,  and  lifetime  of  a SDHW  system 
are  directly  related  to  the  design  and  installation  of  the 
system. 


2. 


Select  and  install  SDHW  systems  for  maximum  performance, 
reliability,  durability,  and  safety,  and  for  minimum  homeowner 
maintenance  and  adjustments, 

3.  Follow  all  applicable  plumbing,  electrical,  and  other  codes. 

4.  Use  hot  water  conservation  measures  in  conjunction  with  the 
SDHW  system. 

5.  In  Montana,  a SDHW  system  must  be  freeze-protected  to  -40°F. 

6.  Provide  isolation  valves  and  unions  so  that  the  SDHW  system 
can  be  serviced.  Valves,  unions,  controls,  instruments,  etc,, 
must  be  accessible. 

7.  Provide  at  least  basic  monitoring  equipment  such  as 
thermometers,  flow  meters,  pressure  gauges,  etc.,  so  that 
system  problems  can  be  identified  as  soon  as  they  occur. 


Solar  Collectors  & Mounting 

1.  Solar  collector  materials  and  mounting  systems  must  be  able  to 
withstand  extremes  in  temperature,  precipitation,  and  wind. 


2.  Roof-mounted  solar  collectors  and  mounting  systems  must  be 
securely  tied  into  the  roof  rafters  and  be  able  to  withstand 
winds  of  100  mph. 

3.  Considerations  of  shading,  snow  shedding,  glare,  clearance  for 
drainage,  and  aesthetics  should  be  made  prior  to  mounting 
collectors . 


4.  Mounting  systems  should  not  have  different  metals  in  direct 
contact  and  roof  penetrations  should  be  flashed  and  sealed. 
Wood  used  in  mounting  systems  should  be  redwood  or  cedar,  or 
it  should  be  pressure-treated  and  suitable  for  exterior  use. 

5.  Collector  flow  rates  for  liquid-based  systems  should  be  0.03 
to  0.07  gpm  per  square  feet  of  collector  (lower  values  for 
water  and  higher  values  for  oil  transfer  fluids).  In 

air— based  systems,  the  flow  rate  should  be  2 to  4 cfm  air  per 
square  feet  of  collector. 

6.  The  flow  of  fluid  through  each  collector  in  an  array  should  be 
balanced.  The  temperature  rise  across  a liquid-based 
collector  under  operation  should  be  in  the  range  of  5°  to 


25OF. 


Storage  Tanks 


1.  Storage  tanks  and  back-up  water  heaters  should  be  insulated  to 
a minimum  of  R-15. 

2.  The  maximum  temperature  of  SDHW  systems  must  be  considered 
when  selecting  suitable  materials  for  storage  tanks. 

3.  Each  storage  tank  and  water  heater  must  have  a 
pressure/temperature  relief  valve,  and  the  outlet  of  the  valve 
must  be  piped  to  within  6 inches  of  the  floor. 

4.  Single-tank  SDHW  systems  should  be  used  only  when  the  heat 
exchanger  is  a thermosiphon  exchanger  or  a coil-in-tank  in  the 
bottom  of  the  tank  and  the  electric  back-up  heating  element  is 
in  the  top  of  the  tank. 

5.  In  double-tank  systems,  the  solar  storage  tank  must  be  plumbed 
in  series  with  the  back-up  water  heater.  Cold  water  must 
enter  the  solar  storage  tank  first.  A valved  manifold 
connecting  the  two  tanks  should  be  used  so  that  either  or 
both  tanks  can  be  isolated  for  maintenance  or  for  operation  in 
different  modes. 


V 


6. 


Tanks  should  be  installed  in  mechanical  rooms  equipped  with 
floor  drains.  Tanks  installed  above  living  areas  must  be 
equipped  with  a catch  pan  piped  to  a drain. 


Controls  & Wiring 

1.  Ground  the  collector  array  and  control  circuit  to  prevent 
injury  to  occupants  and  the  control  equipment. 

2.  Mount  controls  to  minimize  damage  from  heat  and  vibration. 

3.  Sensors  must  be  correctly  located,  thermally  bonded,  and 
insulated. 

4.  The  control  and  pump  should  be  on  a separate  electrical 
circuit  and  protected  through  the  use  of  a fused  switch  box, 

5.  When  possible,  provide  redundant  freeze  protection  and  high 
storage  temperature  switches  or  sensors  wired  in  series. 

6.  Wiring  must  be  neat,  secure,  and  weatherproof  and  must  be 
installed  according  to  the  electrical  codes. 


Heat  Exchangers 


1.  Correct  heat  exchanger  sizing,  fluid  flow  rates,  and 

arrangement  of  piping  are  critical  to  the  performance  of  the 
SDHW  system. 


2.  Factors  that  increase  heat  exchanger  performance  and  capacity 
include  the  following:  transfer  fluids  with  high  thermal 
conductivities  and  heat  capacities;  high  fluid  flow  rates  and 
turbulence  at  the  heat— transfer  surface;  clean  transfer 
surfaces;  a large  transfer  area;  a transfer  surface  with  high 
thermal  conductivity  (metal);  counter  (opposite)  flow  of 
transfer  fluids;  and  a large  temperature  difference  between 

transfer  fluids, 

3.  In  liquid-based  SDHW  systems,  the  heat  exchanger  should  be 
sized  to  provide  0.05  to  0.30  square  feet  of  heat-exchange 
surface  area  per  square  feet  of  collector  area.  The  lower  end 
of  this  range  is  appropriate  for  forced  circulation  external 
counter-flow  heat  exchangers  with  special  heat-transfer 
surfaces.  The  upper  end  of  the  range  is  appropriate  for 
internal  coil-in-tank  exchangers  that  use  oils  as  a 
heat-transfer  fluid. 


4.  The  sizing  methods  and  recommendations  provided  by  heat 
exchanger  manufacturers  should  be  followed. 

5.  Heat  exchangers  must  be  accessible  and  removable  for  cleaning, 
maintenance,  and  replacement. 

6.  Double-walled  exchangers  with  leak  detection  must  be  used  to 
separate  potable  water  from  nonpotable  solar  heat-transfer 
fluids.  Double-walled  exchangers  generally  transfer  20  to  40 
percent  less  heat  than  single-wall  exchangers  operating  under 
the  same  conditions. 

7.  Internal  coil-in-tank  exchangers  shold  be  placed  in  the  bottom 
of  the  tank  to  take  advantage  of  temperature  stratirication. 

8.  Preferred  heat  exchanger  materials  are  copper,  copper-nickel 
alloys,  and  stainless  steel.  Mixed  metals  (such  as  copper  and 
steel)  should  not  be  used  in  exchangers. 


9.  Heat  exchangers  can  be  connected  in  series  and/or  installed 
parallel  to  achieve  the  desired  heat-transfer  capacity.  The 
flow  rates  and  pressure  drops  through  the  exchangers  depend  on 
the  type  of  connection  made. 


Pumps 

1.  Pumps  typically  used  in  SDHW  systems  are  centrifugal  pumps  in 
the  1.40  to  1.10  horsepower  range.  These  pumps  are  capable  of 
providing  heads  of  up  to  30  feet  of  water  or  flow  rates  of  up 
to  25  gallons  per  minute. 

2.  Pumps  with  stainless  steel  or  bronze  "wetted"  parts  must  be 
used  in  open  systems  that  contain  oxygen  to  minimize  rust  and 
corrosion.  Cast  iron  pump  parts  may  be  used  in  closed, 
oxygen-free  systems. 

3.  A centrifugal  pump  can  provide  either  a high  head  or  a high 
flow  rate,  but  not  both.  Pump  head  is  inversely  related  to 
flow  rate.  Pumps  are  generally  tested  with  water,  and  a "pump 
curve"  showing  the  relation  of  head  and  flow  rate  is 
developed.  The  pump  curve  will  be  different  for  fluids  other 


than  water. 


4.  A pump  will  run  most  efficiently  at  conditions  in  the  middle 
of  the  pump  curve. 

5.  Pumps  can  be  staged  in  series  or  in  parallel  to  increase  pump 
head  or  flow  rate,  respectively. 

6.  Pumps  for  drain-back  SDHW  systems  are  generally  high— head, 
low-flow  pumps.  They  must  be  located  at  least  1 1/2  feet 
below  operating  water  level  of  the  drain  tank. 

7.  Pumps  should  be  equipped  with  a suction  strainer/filter  and 
check  valves.  Flow  meters,  flow  adjusting  valves,  etc., 
should  be  located  after  the  pump  discharge. 

Piping  & Ducting 

1.  Plumbing  and  ducting  runs  should  be  as  short,  neat,  and 
unobtrusive  as  possible.  Runs  through  unheated  spaces  and 
exterior  walls  should  be  minimized. 

2.  Liquid-based  solar  collector  loops  should  generally  be 
constructed  of  1/2"  or  3/4"  Type  L hard-drawn  copper  tubing, 
wrought  copper  fittings,  and  95-5  tin-antimony  or  tin-silver 


solder. 


3.  Copper  tube  must  be  sized  to  hold  a fluid  flow  velocity  in  the 
range  4 to  6 feet  per  second  to  minimize  erosion,  pressure 
drop,  and  pumping  energy.  Copper  tube  ends  should  always  be 
reamed  prior  to  soldering. 

4.  All  solar  and  hot  water  lines  must  be  fully  insulated  and 
exterior  lines  should  be  sealed,  and  weatherproofed.  Piping 
in  interior  heated  spaces  should  be  insulated  to  a minimum  of 
R— 4 and  in  exterior  and  unheated  spaces  insulated  to  a minimum 
R-7. 

5.  Copper  tube  must  be  supported  at  least  every  8 feet 
horizontally  and  at  least  every  10  feet  vertically.  Pipe 
supports  should  be  thermally  isolated  from  solar  and  hot  water 
lines.  Straight  runs  of  copper  tube  over  75  feet  must  be 
provided  with  an  expansion  loop  or  joint. 

6.  Do  not  mix  metals  in  piping  loops  or  networks.  Always  use  a 
dielectric  union  when  making  a transition  from  steel  to 
copper,  especially  at  storage  tanks  and  water  heaters. 


7.  Solar  collector  supply  and  return  plumbing  should  always  be 

sloped  a minimum  of  1/8”  per  foot  of  pipe  run  so  that  transfer 
fluid  can  drain  (normal  operation  in  drain-down  and  drain-back 
systems  and  for  maintenance  in  closed-loop  antifreeze 
systems ) . 

Special  System  Components 

1.  Always  install  a hot  water  tempering  valve  with  the  SDHW 
system  to  prevent  scalding  when  solar  tank  temperatures  reach 
160°  to  190°F. 

2.  Closed-loop  antifreeze  collector  loops  must  be  protected  with 
an  expansion  tank  and  pressure  relief  valve. 

3.  Closed-loop  antifreeze  systems  and  air-based  systems  must  have 
a check  valve  and  back-draft  damper,  respectively,  to  prevent 
reverse  thermosiphoning  at  night  and  subsequent  freezing  of 
the  heat  exchanger. 

4.  When  the  pressure  in  the  domestic  water  supply  is  greater  than 
80  psi,  install  a pressure  reducing  regulator  valve. 


5.  Provide  boiler  drain  valves  for  each  tank  and  at  the  low  point 
in  piping  runs. 

6.  Seals,  gaskets,  and  seats  must  be  compatible  with  the  fluid 
contacting  them  so  that  they  do  not  dissolve  or  degrade  over 
time . 

Completion  of  the  SDHW  System 

1.  Complete  a system  checklist  prior  to  system  start-up. 

2.  Pressure  test  all  piping  with  compressed  air  and  apply  soap 
solution  to  piping  joints  to  locate  leaks. 

3.  Flush  the  piping  systems  with  the  fluid  that  will  be  used  in 
the  piping.  Do  not  flush  a collector  loop  with  water  if  it 
will  contain  a heat-transfer  oil. 

4.  Test  the  operation  of  the  controls,  sensors,  freeze/high-limit 
switches,  etc.,  with  a control  tester  and/or  a volt-ohm 
meter.  Follow  the  control  manufacturer's  check-out  procedure. 


5.  Label  valves,  tanks,  piping,  special  components,  etc.,  and 
explain  their  operation  and  maintenance  to  the  homeowner. 

Seal  off  and  clearly  label  piping  containing  nonpotable 
fluids.  Make  the  system  as  "idiot-proof,”  child-proof,  and 
fail-safe  as  possible. 

6.  Provide  the  homeowner  with  a homeowner's  guide  containing 
instructions,  drawings,  equipment  specifications,  warranties, 
etc . 

7.  Visit  the  SDHW  system  at  least  once  a year  for  a checkup  and 
maintenance. 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  20<|:  per 
copy,  for  a total  cost  of  $120.00,  which  includes  $120.00  for  printing  and  $.00  for  distribution. 
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GENERAL  COMPARISON  OF  TYPES  OF  SDHW  SYSTEMS 
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INTRODUCTION 


can  be  put  to  work  satisfying  the  thermal 
energy  requirements  for  space  and 
domestic  water  heating. 

The  direct  utilization  of  solar  energy  is 
by  no  means  an  entirely  new  concept. 
Man’s  tentative  approaches  to 
harnessing  the  sun’s  power  can  be 
traced  over  many  centuries.  In  the  past 
50  years  or  so,  applications  of  solar 
energy  systems  for  space  heating  and 
hot  water  have  appeared  in  states,  such 
as  Florida,  where  sunshine  is  abundant 
and  fuel  expensive,  and  in  countries 
such  as  Japan  and  Australia.  The  recent 
energy  crunch  has  accelerated  the  devel- 
opment of  solartechnology,  afield  in 
which  the  copper  and  brass  industry  is 
playing  a leading  role. 


Residence,  Sugarmill  Woods,  FL 


Motel,  Temple,  TX 


Most  of  the  energy  used  presently  to 
keep  buildings  warm  and  to  heat  water 
for  domestic  purposes  comes  indirectly 
from  the  sun.  The  fossil  fuels,  coal,  gas 
and  oil,  burned  in  our  furnaces  and  water 
heaters,  were  formed  over  thousands  of 
years  from  decayed  plants  and  animals 
that  once  depended  on  the  sun  for  life 
and  growth.  These  fossil  fuels  may 
accurately  be  thought  of  as  “stored”  solar 
energy. 


Solar  energy  systems  are  very 
practical  now  for  many  applications  in  the 
building  industry,  such  as  space  heating, 
water  heating  and  swimming  pool 
water  heating.  Space  cooling  is  also 
showing  great  promise  of  being  an 
economically  feasible  option. 

Applying  solar  energy  to  buildings 
involves  three  things.  It  must  be- 
collected;  it  must  be  stored;  and  it  must 
be  “distributed”— put  to  work  within  the 
structure  for  some  purpose.  Collection 
and  storage  are  areas  featuring  some 
new  methods,  components  and  systems. 
Distribution,  on  the  other  hand,  can  be 
accomplished  by  the  familiar  means  used 
for  the  traditional  fossil-fuel  systems. 


Since  the  onset  of  the  energy  crisis  just 
a few  years  back,  we  have  become 
sharply  aware  that  the  supply  of  fossil 
fuels  available  to  us  is  rapidly  being 
depleted.  If  we  continue  to  deplete  our 
fossil  fuel  resources  at  current  rates,  they 
may,  in  time,  run  out  completely.  Before 
this  happens,  we  must  know  how  to 
make  direct  use  of  the  vast  amounts  of 
solar  energy  the  earth  receives  each  day. 
For  instance,  on  a global  scale,  two 
weeks  of  solar  energy  is  equivalent  to  the 
fossil  energy  stored  in  all  the  earth’s 
known  reserves  of  coal,  oil,  and  natural 
gas.  The  purpose  of  this  publication  is  to 
explain  means  by  which  solar  radiation 
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SECTION  1 

FUNDAMENTALS  OF  SOLAR  ENERGY  ^ 


Church,  Denver,  CO 


Characteristics 
Of  Solar  Radiation 


The  sun  is  a star  and  source  of  most  of  our 
life  and  energy.  Radiating  in  all  directions, 
only  a small  percentage  of  its  tremen- 
dous energy  reaches  the  earth’s  atmo- 
sphere. The  portion  that  actually  reaches 
the  surface  of  the  earth  is  smaller  still 
because  of  the  reflective  and  filtering 
characteristics  of  the  earth’s  protective 
atmosphere.  Yet,  despite  all  of  these  limit- 
ing factors,  the  amount  of  solar  energy 
delivered  to  the  earth  each  day  is  thou- 
sands of  times  greater  than  man’s  total 
daily  use  of  energy  for  all  purposes. 

Solar  energy  covers  a wide  range  of 


wavelengths  in  the  light  spectrum,  rang- 
ing from  the  ultraviolet  through  visible 
light  to  the  infrared  regions.  When  it 
reaches  the  outer  ring  of  the  earth's  at- 
mosphere, about  30  percent  of  the  solar 
radiation  is  immediately  reflected  back 
into  space.  As  the  remainder  continues 
on  its  path  through  the  atmosphere 
toward  the  earth,  several  other  effects  re- 
duce its  intensity.  First,  most  of  the  ultra- 
violet and  some  of  the  infrared  compo- 
nents are  filtered  out  so  that  what  is  left  is 
largely  in  the  form  of  visible  light. 

As  shown  in  Fig.  1,  a significant  portion 
of  the  incoming  radiation  is  reflected  by 
the  clouds  back  into  space.  A smaller 
portion  is  absorbed  by  water  particles  in 
the  atmosphere  and  another  portion  dif- 
fused by  atmospheric  particles,  clouds 
and  pollutants.  This  last  portion  of  the 
sun’s  radiation  is  called  diffuse  or  scat- 
tered radiation. 

The  remainder  of  the  radiation  which  is 
not  affected  in  one  of  these  manners 
passes  more  or  less  directly  to  the  earth’s 
surface  from  the  direction  of  the  sun.  This 
is  called  direct  radiation.  The  energy 
available  for  collection  is  the  direct  radia- 
tion plus  a portion  of  the  diffuse  radiation. 


Solar  Geometry 

The  rate  at  which  solar  energy  reaches 
the  outer  limits  of  the  earth’s  atmo- 
sphere is  the  same  at  all  times.  This  rate, 
known  as  the  solar  constant,  is  equal  to 
429  Btu  (British  thermal  units)  per 
square  foot  per  hour  falling  upon  a sur- 
face perpendicular  to  the  direction  of  the 
sun’s  rays.  Despite  the  fact  that  the  sun’s 
intensity  remains  the  same,  we  experi- 
ence a change  of  seasons  as  a result  of 
the  varying  geometric  relationships  be- 
tween earth  and  sun.  These  relationships 
are  depicted  in  Fig.  2. 

The  earth  revolves  once  each  day 
around  an  axis,  which  passes  through  the 
North  and  South  Poles.  Because  its  axis 
is  tilted  with  respect  to  the  sun,  the  inten- 
sity of  the  sunshine  reaching  the  earth’s 
northern  and  southern  hemispheres  rises 
and  falls  as  the  earth  makes  its  yearly 
orbit  and  the  seasons  change.  The  angle 
of  this  tilt,  called  the  declination  angle , is 
the  primary  reason  for  the  variation  in 
the  distribution  of  solar  energy  over  the 
earth’s  surface,  for  the  varying  number  of 
hours  of  daylight  and  darkness  over  the 
year,  and  for  the  great  differences  in  the 
intensity  of  solar  energy  received  at  any 
one  location. 

The  amount  of  radiation  which  reaches 
the  earth  depends  in  part  on  the  distance 
it  travels  through  the  atmosphere.  As  in- 
dicated in  Fig.  3,  solar  energy  impacts  at 
various  angles,  depending  upon  the 
sun's  position  relative  to  the  earth.  This 
angle  determines  the  length  of  travel. 

The  longer  its  path  through  the  atmo- 
sphere, the  less  direct  energy  will  reach 
the  earth’s  surface.  The  three  classifica- 
tions for  lengths  of  travel  shown  are  re- 
ferred to  as  Air  Mass  1,  2 and  3. 

Air  Mass  1 identifies  the  shortest  path 
through  the  atmosphere  and  occurs 
when  there  is  a 90  degree  angle  between 
the  sun’s  radiation  and  the  earth’s  sur- 
face. This  position  of  the  sun  is  referred 
to  as  the  zenith  position  and  it  occurs  at 
the  Tropic  of  Cancer  (23y2  deg  North  lati- 
tude) on  the  summer  solstice.  An  Air 
Mass  of  2 exists  when  there  is  a 60  degree 
angle  between  a perpendicular  to  the 
earth’s  surface  and  the  incoming  angle  of 
the  solar  radiation.  In  Air  Mass  2,  the 
sun’s  rays  pass  through  twice  as  much 
atmosphere  as  in  Air  Mass  1.  Similarly,  in 
Air  Mass  3,  the  sun’s  rays  pass  through 
three  times  as  much  atmosphere  as  in  Air 
Mass  1. 

Altitude  and 
Azimuth 

The  characteristics  of  solar  geometry 
have  a significant  effect  on  the  physical 
parameters  and  performace  of  solar  col- 
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lection  systems.  Fig.  4 illustrates  typical 
altitude  and  azimuth  positions  of  the  sun 
at  the  equinox  and  solstice  days.  It  can 
be  seen  from  this  diagram  that  at  the 
summer  solstice,  the  sun  rises  from  a po- 
sition north  of  due  east,  climbs  to  a high 
position  in  the  sky  at  solar  noon  and  sets 
at  a position  north  of  due  west.  On  the 
equinox  days,  the  sun  rises  at  a position 
of  due  east,  climbs  to  an  intermediate  po- 
sition in  the  sky  and  sets  at  a position  of 
due  west.  At  the  winter  solstice,  the  sun 
rises  south  of  due  east,  climbs  to  a low 
position  in  the  southern  sky,  and  sets 
south  of  due  west.  The  angle  of  the  sun's 
position  in  the  sky  with  respect  to  the 
earth  is  known  as  the  solar  altitude.  The 
position  of  the  sun  with  respect  to  com- 
pass directions  is  referred  to  as  the  solar 
azimuth.  The  actual  positions  of  solar  alti- 
tude and  azimuth  vary  each  day  of  the 
year  and,  furthermore,  are  different  for 
each  position  of  latitude.  These  are  two 
of  the  most  significant  factors  in  deter- 
mining how  a collector  of  solar  energy 
should  be  positioned  with  respect  to  the 
sun. 

Collector  Tilt 

Since  the  sun  is  low  in  the  southern  sky 
during  winter,  more  solar  energy  will  strike 
a flat  collector  if  it  is  tilted  up  from  the  hori- 
zontal at  a steep  angle  toward  the  sun.  The 
effect  of  collector  tilt  is  illustrated  in  Fig.  5. 

In  summer,  the  flat  collector  will  intercept 
more  solar  radiation  in  a horizontal  posi- 
tion than  it  will  tilted  up  steeply  from  the 
earth.  It  can  be  seen  that  a collector  tilted 
up  toward  sun  during  winter  will  inter- 
cept more  solar  radiation  than  the  same 
sized  collector  in  a horizontal  position. 

The  actual  angle  at  which  a collector 
should  be  tilted  is  a function  of  the  partic- 
ular characteristics  of  the  intended  appli- 
cation. If  the  intention  is  to  collect  the 
most  solar  energy  in  the  winter  period, 
the  collector  tilt  should  be  steep.  Con- 
versely, if  the  intention  is  to  collect  the 
most  heat  during  the  summer  period,  col- 
lector tilt  should  be  relatively  flat. 

There  are  convenient  rules-of-thumb 
for  determining  the  most  appropriate  col- 
lector tilt.  These  are  as  follows: 

A.  To  collect  the  most  radiation  in  the 
winter  period,  tilt  the  collector  at  an 
angle  equal  to  the  latitude  plus  15 
degrees. 

B.  To  collect  the  most  solar  radiation  dur- 
ing the  summer  period,  tilt  the  collector 
at  an  angle  equal  to  the  latitude  minus  15 
degrees. 

C.  To  collect  the  most  radiation  averaged 
over  the  year,  tilt  the  collector  at  an  angle 
approximately  equal  to  the  latitude. 

These  rules  should  be  taken  as  guide- 
lines only  and  adjusted  for  the  specific 
characteristics  of  an  application. 
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COLLECTION, 
STORAGE  AND 
DISTRIBUTION 
ARE  THE 
THREE  BASIC 
COMPONENTS 
OF  ALL  SOLAR 
ENERGY  SYSTEMS. 


SECTION  2 

COLLECTION 

Solar  radiation  out  in  space  has  a 
characteristic  pattern  of  wavelengths  and 
intensity.  By  the  time  this  radiation 
reaches  the  earth,  most  of  the  ultraviolet 
component  has  been  filtered  out.  What 
remains  is  mostly  in  the  visible  region  of 
the  spectrum,  with  a smaller  portion  cov- 
ering the  short  infrared  region,  as  shown 
in  the  left  portion  of  Figure  7.  This  incom- 
ing radiation  is  converted  to  heat  when 
absorbed  by  a surface,  such  as  that  of 
fhe  blackened  copper  absorber  plate  in 
a solar  collector. 

Some  of  the  absorbed  energy  will  be 
lost  from  this  surface,  by  either  conduc- 


tion, convection,  or  re-radiation.  Con- 
ducted losses  come  from  direct  contact 
with  a colder  material,  while  convection 
losses  arise  from  heat  being  carried 
away  by  air  currents.  Surfaces  also  re- 
radiate absorbed  energy,  but  its  wave- 
length will  have  changed  to  “long  infra- 
red”, also  shown  in  Figure  7.  This  out- 
going energy  is  a significant  factor  in  the 
design  and  performance  of  the  collectors 
in  the  solar  heating  system. 

There  are  many  possibilities  for  the 
collection  of  heat  from  solar  energy. 
Direct  gain  through  window  areas  is  one, 
but  this  often  provides  too  much  heat 


when  and  where  it  is  not  needed  and  the 
resulting  energy  is  difficult  to  control. 
Aiming  to  store  this  energy  for  future  use, 
most  solar  energy  collection  systems  uti- 
lize a heat-transfer  fluid  — either  a liguid  or 
air— to  move  the  collected  thermal  en- 
ergy from  the  collectors  to  a heat  storage 
material.  The  collectors  are  typically  one 
of  two  basic  types:  concentrating  collec- 
tors or  flat-plate  collectors.  Concentrating 
collectors  utilize  lenses  or  reflective  sur- 
faces to  focus  the  sun’s  rays  onto  a rela- 
tively small  absorbing  area,  and  are  able 
to  build  up  higher  temperatures  than  flat- 
plate  collectors.  Concentrating  collectors 
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are  generally  unable  to  effectively  focus 
the  diffuse  component  of  solar  radiation, 
and  thus  their  performance  is  based 
largely  upon  available  levels  of  direct 
insolation. 

Flat  Plate  Collectors 

Flat  plate  collectors  take  advantage  of 
both  the  diffuse  and  direct  radiation  falling 
on  the  absorber  plate.  In  order  to  collect 
as  much  energy  as  possible,  the  collec- 
tors are  often  covered  with  a glazing 
material,  such  as  glass  or  certain  plastics, 
which  are  highly  transparent  to  the 
incoming  solar  radiation.  These  covers 
serve  as  insulation  over  the  absorber 
plate,  as  they  keep  convective  heat 
losses  down.  In  addition,  glass  is  virtually 
opaque  to  the  outgoing  long-wave  infra- 
red radiation,  and  thus  traps  this  radiation 
inside  the  collector,  a phenomenon 
known  as  the  “greenhouse  effect”. 

Figure  8 illustrates  how  this  phenome- 
non affects  the  performance  of  three  dif- 
ferent collector  types.  In  the  first  type, 

Flat  Black  Plate  Without  Glazing,  much 
of  the  radiation  absorbed  by  the  absorber 
plate  is  lost  from  the  top  surface  of  the 
plate,  with  some  lost  through  the  back  in- 
sulation. Some  useful  heat  is  retained 
without  a glazing  cover,  but  only  if  the 
temperature  of  the  absorber  plate  is  close 
to  the  temperature  of  the  surrounding  air. 

In  the  second  type.  Flat  Black  Plate 
With  Glazing  Cover,  the  radiation  ab- 
sorbed by  the  black  plate  is  re-emitted  as 
it  was  in  the  previous  type.  But  the  glass 
cover  blocks  the  loss  of  the  re-emitted 
radiation  to  the  outside.  There  is  some 
heat  loss  through  conduction  and  con- 
vection, but  more  heat  is  retained  with  a 
glazing  cover.  This  is  especially  true  as 
the  temperature  difference  between  plate 
and  outside  air  becomes  greater.  It  may 
be  desirable  to  utilize  more  than  one 
layer  of  glazing,  depending  upon  the 
magnitude  of  the  temperature  difference. 

The  third  portion  of  Fig.  8 illustrates  a 
collector  with  a Selective  Surface  and 
Glazing  Cover.  A selective  surface  is  a 
very  thin  layer  of  special  material  applied 
to  the  top  of  the  absorber  plate.  The 
layer’s  thickness  is  approximately  equal 
to  the  wavelength  of  the  incoming  solar 
radiation.  The  selective  surface  rera- 
diates a much  smaller  portion  of  the  ab- 
sorbed energy,  which  makes  the  collec- 
tor operate  more  efficiently.  There  is  still 
some  heat  loss  through  conduction  and 
convection  to  the  outside  air,  but  more 
heat  is  retained  with  a selective  surface 
than  with  an  ordinary  flat  black  surface.  A 
selective  surface  may  be  used  with  single 
or  multiple  glazing.  Selective  surfaces 
are  especially  useful  in  collectors  that 
operate  at  high  temperatures.  They  in- 
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crease  collection  efficiency,  but  at  the 
premium  of  higher  cost  than  non- 
selective  flat  black  surfaces. 


7 


Collector  Construction 

Flat  plate  collectors  utilize  liquid  as  the 
heat  transfer  medium . Typically  they 
have  blackened  copper  absorber  plates 
with  an  integral  or  attached  array  of  cop- 
per tubes.  This  absorber  plate  may  be 
packaged  into  a modular  collector  panel, 
which  is  complete  with  glazing  covers, 
insulation,  and  enclosure  box,  orthe 
absorber  plate  may  be  incorporated  as  an 
integral  part  of  a roof  or  other  structure. 

Figure  9 illustrates  the  major  compo- 
nents of  a typical  modular  liquid  flat  plate 
solar  collector  panel.  There  are  one  or 
two  layers  of  glazing  material  held  by  a 
frame  over  a blackened  copper  absorbing 
plate.  The  plate  has  an  integral  or  at- 
tached array  of  tubes  for  circulation  of  a 
liquid.  The  liquid  inlet  connection  shown 
at  the  bottom  of  the  collector  is  diagonally 
opposite  the  liquid  outlet  connection  at 
the  top.  Usually  this  configuration  is  used 
so  the  flow  length  is  the  same  through 
every  passage.  The  aim  is  to  achieve  a 
balanced  flow  of  liquid  through  the  collec- 
tor and,  thus,  maintain  a relatively  uniform 
temperature  pattern  over  the  plate. 

Site-fabricated  collectors  may  have 
the  absorber  plate  laid  over  or  between 
structural  members.  Insulation  is 
placed  behind,  and  glazing  covers,  if  ap- 
propriate, are  installed  over  the  absorber 
plate.  Care  must  be  taken  to  insure  that 
the  cover  and  insulating  materials  are 
compatible  with  the  high  temperatures 
reached  by  the  absorber  plate.  Proper- 
ties of  appropriate  materials  are  covered 
in  Section  6-Design  Recommendations. 

The  solar  collector  must  be  protected 
from  freezing  in  the  winter  and  from  very 
high  temperatures  which  can  occur  when 
liquid  is  not  flowing  through  the  collector. 
Also,  when  cold  water  is  put  into  a hot 
collector,  a thermal  shock  can  occur,  dam- 
aging the  collector.  Methods  of  provid- 
ing protection  against  thermal  shock  and 
freezing  are  contained  in  Section  6- 
Design  Recommendations.  Methods  of 
freeze  protection  are  also  covered  in 
Section  4-Distribution:  Domestic  Water 
Heating. 

Beneath  the  absorber  plate  is  an  in- 
sulating material  that  retards  loss  of  the 
absorbed  heat  through  the  back  of  the 
collector  panel.  Heat  losses  from  the 
sides  of  the  collector  panel  are  minimized 
by  maintaining  a space  or  “thermal 
break”  between  the  metal  absorber  plate 
and  the  collector  framing. 

It  is  helpful  to  maintain  a moisture-free 
condition  in  the  collector  to  retard  the  loss 
of  heat  which  tends  to  be  greater  in  moist 
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air  than  in  dry  air.  A second  reason  is  to 
prevent  condensation  of  water  on  the 
glazing  covers  which  would  reflect  incom- 
ing solar  radiation  away  from  the  collector. 

One  method  for  keeping  air  within  the 
collector  dry  is  the  incorporation  of 
spacers  made  of  a desiccant  (moisture- 
absorbing) material.  These  spacers  are 
inserted  between  cover  and  absorber 
plate  and,  also,  between  layers  of 
multiple-glazing  covers. 


Collector  Efficiency 

A collector’s  usefulness  depends  mainly 
on  how  much  of  the  solar  energy  it  can 
make  available  for  heating.  This  is  its  effi- 
ciency. The  operating  efficiencies  of 
several  different  types  of  collectors  are 
compared  schematically  in  Fig.  10.  The 
significant  improvement  achieved  by 
adding  glazing  covers  is  immediately 
apparent.  Fig.  10  reveals  several 
other  general  conclusions  about  the 


COLLECTOR  A-Selective  coated  copper  absorber  plate  w/double  glazing 

DESIGNS  B-Selective  coated  copper  absorber  plate  w/single  glazing 

C-Black  painted  copper  absorber  plate  w/double  glazing 
D-Black  painted  copper  absorber  plate  w/single  glazing 
E-Black  painted  air  absorber  plate  with  double  glazing 
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efficiency  of  collectors: 

1.  All  collectors  operate  with  highest 
efficiency  when  the  difference  in  temper- 
ature between  the  absorber  plate  and 
ambient  air  is  lowest, 

2.  For  the  same  temperature  dif- 
ference, efficiency  will  be  higher  if  the  in- 
cident solar  radiation  is  higher.  Thus,  at 
the  same  temperature  difference,  higher 
efficiencies  can  be  expected  in  summer 
when  more  solar  energy  is  available  than 
in  winter  when  less  solar  energy  is 
available  at  the  collector  surface. 

3.  The  highest  possible  efficiencies 
are  achieved  when  there  is  no  tempera- 
ture difference  between  the  absorber 
plate  and  the  surrounding  air.  But  even 
under  this  condition,  100  percent  effi- 
ciency is  not  achievable.  This  is  because 
there  are  always  losses  caused  by  in- 
complete transmission  through  the  glaz- 
ing covers,  reflectance  from  the  black- 
ened absorber  plate,  and  incomplete 
transfer  of  heat  absorbed  by  the  absorber 
plate  into  the  heat  transfer  liquid  or  air. 

4.  The  choice  of  collectors  should  be 
related  to  the  operating  temperature  dif- 
ference, the  amount  of  solar  radiation 
available,  and  the  cost  of  adding  options 
such  as  selective  black  surfaces  or  addi- 
tional glazing  covers.  It  can  be  seen  from 
Fig.  10,  for  example,  that  in  the  range  of 
0 to  20°F  temperature  difference,  such 
as  might  exist  in  a swimming  pool  heater 
application,  a collector  with  no  cover 
plates  is  an  appropriate  choice.  When 
high  temperature  differences  are  antici- 
pated, such  as  in  solar  cooling  opera- 
tions, a selective  surface  may  be  needed 
to  obtain  these  temperatures. 

5.  Collector  efficiency  is  increased  by 
minimizing  the  temperature  rise  from  col- 
lector inlet  to  outlet.  A common  range  is 

7 to  10°F ; this  can  be  accomplished  by 
circulating  water  at  the  rate  of  1 to  3 gal- 
lons per  square  foot  of  collector  per  hour. 

It  is  important  to  realize  that  Fig.  10 
represents  the  instantaneous  efficiency 
of  solar  collector  operation.  This  is  the 
efficiency  at  a particular  time,  usually 
stated  as  an  hourly  efficiency.  The  lines 
plotted  on  this  graph  are  based  upon  a 
specific  intensity  of  solar  energy  avail- 
able at  the  collector  plate.  During  the  day, 
the  amount  of  solar  radiation  available  to 
the  absorber  plate  varies  continually. 

Fig.  11  illustrates  the  relationship  be- 
tween time  of  day  and  intensity  of  solar 
radiation.  The  horizontal  line,  marked 
“critical  or  threshold  intensity",  repre- 
sents the  point  at  which  the  heat  losses 
from  the  absorber  plate  (determined  by 
the  temperature  difference  between  the 
plate  and  the  surrounding  air,  and  collec- 
tor design)  are  equal  to  the  heat  gain  ex- 
perienced by  the  plate. 


This  line  moves  up  if  the  temperature 
difference  becomes  greater,  down  if  the 
temperature  difference  becomes  less. 
When  the  intensity  of  radiation  reaches 
this  threshold  point,  the  collector  begins 
operation.  No  heat  would  be  produced  if 
the  system  were  operated  before  this 
threshold  intensity  was  reached.  In  fact,  if 
the  collector  system  were  operated 
below  threshold  intensity,  heat  would  be 
lost  from  the  previous  day's  collection. 


It  can  be  seen  that  there  are  portions  of 
the  daily  solar  radiation  that  are  too  low 
in  intensity  to  justify  operation  of  the  col- 
lector. These  are  signified  by  the  shaded 
triangular  areas  below  the  line  of  critical 
intensity.  After  the  critical  intensity  has 
been  reached  and  the  collector  has 
begun  operation,  the  instantaneous  effi- 
ciency of  the  collector  varies  through 
the  period  of  collector  operation.  At 
the  beginning  and  end  of  the  period  of 


FIGURE  11/  COLLECTION  OF  SOLAR  RADIATION  THROUGHOUT  THE  DAY 
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FIGURE  12/  COMPARISON  OF  COLLECTOR  TILTS 


collector  operation,  for  example,  very  lit- 
tle solar  energy  is  collected  in  compari- 
son with  the  collector's  operational 
losses.  The  instantaneous  efficiency  of 
operation  will  be  quite  high  at  the  mid- 
point of  the  period  of  collector  operation. 

There  is  an  important  difference  be- 
tween instantaneous  collector  efficiency 
and  day-long  collector  efficiency.  The 
day-long  collector  efficiency  is  the 
amount  of  solar  energy  collected  as  a 
percentage  of  fhe  total  available  for  the 
entire  day,  including  portions  too  low  in 
intensity  to  operate  the  collector.  Some 
collector  manufacturers  judge  their  col- 
lector performance  by  instantaneous  effi- 
ciency. While  this  indicates  the  collector’s 
capabilities,  the  figures  cannot  be  applied 
to  the  entire  day’s  solar  radiation. 

Collector  Tilt 
And  Orientation 

The  amount  of  energy  falling  on  the  col- 
lector surface  during  the  year  at  any  posi- 
tion of  latitude,  depends  upon  the  tilt  and 
orientation  of  the  collector.  Fig.  12  shows 
how  collector  tilt  affects  incident  radiation 
at  40  deg  north  latitude  on  a cloudless 
day.  The  radiation  incident  on  a horizon- 
tal surface  experiences  a sharp  peak  dur- 
ing the  month  of  June  when  the  sun  is 
high  in  the  sky.  It  falls  off  very  sharply 
toward  the  winter  months  when  the  sun  is 
much  lower. 

Tilting  the  collector  to  30  deg  (equiva- 
lent to  the  position  of  latitude  minus  10 
deg)  flattens  the  curve  somewhat.  Maxi- 
mum production  still  occurs  during  sum- 
mer, but  there  is  a significant  improve- 
ment in  production  during  winter.  Further 
increases  in  tilt  to  40  deg  (equal  to  the 
latitude  of  the  installation),  to  50  deg  (lati- 
tude plus  10  deg),  and  to  60  deg  (latitude 
plus  20  deg)  cause  progressive  shifts  of 
the  curve  so  that  the  maximum  produc- 
tion occurs  more  toward  the  winter  heat- 
ing season.  For  this  latitude,  a collector 
tilted  vertically  (90  deg)  experiences  its 
greatest  amount  of  incident  energy  dur- 
ing winter,  but  the  collected  energy  drops 
off  sharply  during  summer. 

The  dashed  line  on  the  top  of  the  graph 
shows  the  amount  of  solar  energy  inci- 
dent on  a surface  which  "tracked”  or  fol- 
lowed fhe  sun,  always  adjusting  its  tilt 
and  orientation  so  that  solar  energy  was 
received  at  right  angles.  Although  there  is 
somewhat  more  energy  incident  on  such 
a surface,  the  economics  of  building  a 
mechanism  to  allow  the  collector  to  follow 
the  sun  may  not  be  justifiable. 

Orientation  refers  to  the  compass  di- 
rection in  which  the  collector  faces.  It  also 
plays  a significant  role  in  determining  the 
amount  of  incident  energy,  as  shown  in 
Fig.  13.  Orientation  of  collectors  used  for 
space  heating  systems  is  especially  im- 


portant. It  can  be  seen  that  in  winter, 
when  the  sun  rises  south  of  due  east  and 
sets  south  of  due  west,  an  orientation  of 
southeast  or  southwest  (45  deg  from  due 
south)  receives  only  70  to  80  percent  of 
the  radiation  received  by  a south-facing 
surface  at  the  same  tilt. 

The  actual  percentage  figure  de- 
pends upon  the  latitude,  with  the  more 
northerly  latitudes  (which  experience 
shorter  days)  suffering  the  greatest  re- 
duction in  incident  radiation  for  variations 
from  a south  orientation.  In  spring  and 
fall,  orientation  becomes  less  critical.  In 
summer,  orientation  is  least  critical,  with 
south  facing  surfaces  actually  receiving 


slightly  less  radiation  during  June  than 
surfaces  facing  south-southeast  or 
south-southwest. 

Since  collector  heat  production  capac- 
ity is  affected  by  the  temperature  of  the 
surrounding  air,  local  conditions  at  the 
point  of  collection  are  also  important.  In 
most  areas,  maximum  air  temperature  is 
reached  in  the  early  afternoon,  usually 
around  2 to  3 p.m.  Also,  many  locations 
experience  morning  haze  which  clears  by 
early  afternoon.  Where  such  conditions 
prevail,  peak  collection  may  be  experi- 
enced by  a collector  which  faces  10-15  deg 
west  of  south,  instead  of  the  theoretical 
value  of  due  south. 
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SECTION  3 

STORAGE 


Approaches  to 
Heat  Storage 

Allowing  for  the  intermittent  quality  of 
sunshine,  any  practical  system  must  in- 
clude a capability  for  storing  the  collected 
solar  energy  until  it  is  needed.  However, 
in  most  applications  it  is  not  economically 
feasible  to  Install  storage  capacity  large 
enough  to  guarantee  a supply  of  solar- 
heated  water  at  all  times.  A more  practi- 
cal approach  Is  to  rely  on  solar  energy  for 
a portion  of  a building's  heating  needs 
and  to  supplement  It  with  a second  heat 
source,  using  electricity  or  one  of  the  fos- 
sil fuels.  The  solar  system  can  be  sized  to 
meet  a portion  of  the  normal  space  and 
water  heating  requirements,  while  the 
supplementary  heat  source  stands  by  In 
readiness  for  times  when  there  are  long 
periods  without  sunshine  or  when  de- 
mand for  heat  is  unusually  heavy. 

There  are  two  basic  types  of  storage: 
sensible  heat  storage  and  latent  heat 
storage.  Sensible  heat  storage  is  based 
on  the  principle  that  a definite  amount  of 
energy  is  required  to  raise  the  tempera- 
ture of  a unit  volume  of  a given  substance 
1°F  “Unit  heat  capacity"  is  equal  to 
the  specific  heat  of  the  material  times 
its  density.  Water,  for  example,  has  a 


specific  heat  of  1 .0  and  a density  of 
62.5  Ib./cu  ft.  Therefore,  1 cu  ft  of  water 
will  rise  in  temperature  1 °F  when  62.5 
Btu  is  applied. 

Table  1 Indicates  the  sensible  heat 
storage  capacity  of  various  types  of  solid 
and  liquid  materials.  Liquid  sensible  heat 
storage  materials  are  most  commonly 


used  with  liquid  flat- plate  collectors.  Simi 
larly,  solid  sensible  heat  storage  materi- 
als are  most  commonly  used  with  air  flat- 
plate  collectors.  A significantly  greater 
volume  of  solid  materials  is  required  to 
attain  the  same  amount  of  heat  storage 
as  water  because  the  specific  heat  is 
much  lower  for  solid  materials  than  It  Is 


Unit  Heat  Capacity 
BTU/Ft.VT. 


Specific  Heat 
BTU/Lb.  °E. 

Density 

Lb./Ft.= 

No  Voids 

30%  Voids 

Water 

1.0 

62.5 

62.5 

(62.5) 

Water  (30%)- 
Ethylene  Glycol 
(70%)  Mixture 
(230‘’E.) 

.8 

64.1 

51 

36 

Scrap  Iron 

.112 

489 

55 

38 

Magnetite 

.165 

320 

53 

37 

Scrap  Aluminum 

.215 

168 

36 

25 

Concrete 

.27 

140 

38 

26 

Rock  (Basalt) 

.20 

180 

36 

25 

Brick 

.2 

140 

28 

20 

Rock  Salt  (NaCI) 

(30-70%  by  weight  at  230°E.) 

.219 

136 

30 

21 

TABLE  1/SENSIBLE  HEAT  STORAGE  MATERIALS 
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FIGURE  14/  LIQUID  HEAT  STORAGE  OPTIONS 


for  water.  Solid  materials  must  also  make 
an  additional  allowance  for  the  circulation 
of  air  around  the  materials  to  cause  the 
heat  transfer  to  take  place.  A common 
solid-to-void  ratio  is  70  percent  solid  to  30 
percent  void  for  solid  sensible  heat 
storage  materials.  Thus,  solid  heat 
storage  volumes  will  be  two  to  three 
times  liquid  heat  storage  volumes  for  the 
same  storage  capacity.  Also,  greater  fan 
motor  horsepower  is  often  required  to 
circulate  air  through  the  storage  medium, 
the  supply  ducts  and  the  collector. 

Latent  heat  storage  makes  use  of  the 
principle  that  it  takes  considerable  en- 
ergy to  change  the  physical  state  of  a 
substance  (such  as  from  a solid  to  a liq- 
uid). The  material  gains  sensible  heat 
until  it  reaches  the  melting  point.  It  then 
gains  an  amount  of  latent  heat  equivalent 
to  its  heat  of  fusion  which  causes  a 
change  of  state.  The  temperature  (dry 
bulb)  of  the  substance  remains  constant 
throughout  the  change  of  state. 

When  water  changes  from  a solid  (ice) 
to  a liquid,  about  143.5  Btu  are  required 
per  pound  to  make  the  change  of  state. 
After  the  solid  has  turned  to  a liquid,  only 
1 Btu  per  pound  is  required  to  raise  the 
temperature  of  water  1 °F.  A total  of 
8970  Btu  of  heat  are  required  to  change 
a cubic  foot  of  ice  into  water.  Once  the 
change  of  state  has  been  accomplished, 
however,  only  62.5  Btu  are  required  to 
raise  one  cubic  foot  of  water  TF. 

The  volume  of  the  storage  required  for 
solar  energy  systems  would  be  much 
smaller  if  the  principles  of  latent  heat 
storage  could  be  used  effectively.  The 
choice  of  a storage  material  which  has  a 
melting  point  near  the  temperature  at 
which  the  heat  is  to  be  used  is  important. 
Materials  called  “eutectic  salts”  change 
state  at  temperatures  in  the  range  of  90 
to  120°F  Latent  heat  storage  utilizing  eu- 
tectic salts  is  not  recommended  unless  a 
dependable  means  of  assuring  the  stabil- 
ity of  eutectic  materials  through  many 
changes  of  state  can  be  provided. 

Water  Storage 
Systems 

Water  is  the  most  commonly  used  liquid 
heat  storage  material  because  of  its 
availability  and  low  volume  requirement. 
There  are  many  options  for  the  contain- 
ment of  the  water  in  a liquid  sensible  heat 
storage  system.  Some  containers  are  il- 
lustrated in  Fig.  14. 

Domestic  water  heating  systems  re- 
quire the  use  of  tanks  which  are  pressure 
tested.  These  tanks  are  frequently  lined 
with  a copper  alloy  material  to  provide 
protection  from  corrosion  and  to  increase 
durability.  Many  manufacturers  produce 
special  domestic  hot  water  tanks  which 
are  designed  for  solar  systems.  Some 


have  an  internal  heat  exchanger  to  per- 
mit a nontoxic  antifreeze  solution  to  be 
used  in  the  collector  loop.  Most  have  four 
pipe  connections-two  for  collector  supply 
and  return  tubing,  one  for  fresh  water 
supply  and  one  for  domestic  hot  water 
supply.  With  potable  water  in  the  collector 
loop,  a standard  water  heater  can  be 
adapted  for  use  in  a solar  system  by  con- 
necting the  cold  water  and  the  collector 
supply  lines  into  the  drain  outlet  of  the 
existing  hot  water  tank. 

Space  heating  systems  are  normally 
not  pressurized.  When  operating  at  atmo- 
spheric pressure,  a variety  of  options 
exist  for  storing  the  water.  Commercially 
available  liquid  storage  containers  are 
frequently  used.  The  container  also  may 
be  made  of  pre-cast  concrete,  concrete 
block,  pressure-preserved  wood,  or 
rammed  earth.  It  is  advisable  to  use  a 
flexible  liner  in  the  site-built  storage  tank 
to  prevent  leaks.  Sheet  copper  is  an 
appropriate  material  for  this  application. 

It  is  important  to  minimize  the  “thermal 
inertia”  of  the  storage  system.  If  there  is  a 
large  storage  volume  to  heat  up,  it  may 
take  considerable  time  before  the 
storage  temperature  is  useful  for  the  sys- 


tem application.  In  large  systems,  such 
as  those  in  commercial  projects,  it  is  ap- 
propriate to  use  more  than  one  storage 
tank  to  provide  sufficient  storage  capacity 
without  imposing  a large  thermal  inertia 
on  the  system.  Multiple  tank  storage  sys- 
tems require  sophisticated  controls  to 
allow  the  automatic  determination  of  the 
fluid  pumping  sequence  from  among  the 
various  tanks  to  the  collector  and  the 
building  load. 

The  most  appropriate  storage  volume 
for  economics  and  system  performance 
in  space  heating  systems  is  approxi- 
mately one  to  two  day’s  building  heat  re- 
quirements under  average  winter  condi- 
tions. Fig.  15  shows  the  water  storage 
volume  requirements  in  gal/sq  ft  of  col- 
lector area  to  achieve  the  best  system 
performance.  The  line  relating  storage 
volume  and  collector  area  has  a sharp 
curve  at  about  1.75  gal  of  water  per  sq  ft 
of  collector.  If  much  less  volume  is  pro- 
vided, the  load  fraction  supplied  by  solar 
will  drop.  If  much  more  volume  is 
provided,  little  benefit  will  be  obtained. 
Therefore,  the  most  appropriate  storage 
size  is  1 72  to  2 gal  of  water  per  sq  ft  of 
collector. 


1.2 


1.1 


STORAGE  CAPACITY  PER  UNIT  COLLECTOR  AREA  (M/A)  (GAL./SQ.FT.) 

FIGURE  15/  OPTIMUM  WATER  STORAGE  VOLUME 
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SECTION  4 

DISTRIBUTION:  DOMESTIC  WATER  HEATING 


General  Requirements 

Domestic  water  heating  is  an  area  of  high 
potentiai  for  the  application  of  solar  en- 
ergy in  buildings.  There  are  many  ap- 
proaches to  the  design  of  successful 
solar  water  heating  systems.  The  princi- 
pal differences  among  them  relate  to  the 
ways  by  which  the  heat  transfer  fluid  is 
circulated  between  collector  and  storage 
tank,  the  type  of  freeze  protection  pro- 
vided and  the  means  for  introducing  sup- 
plementary heat. 

The  approach  chosen  for  a particular 
application  will  depend  on  variables 
such  as  climate,  heat  requirements,  and 
available  storage  capacity.  Despite 


the  existence  of  such  variables,  all 
applications  have  several  things  in 
common: 

1.  Tapwater temperature  requirements 
are  fairly  consistent  and  are  compatible 
with  the  fluid  temperatures  obtainable 
from  solar  collectors. 

2.  The  collectors,  pipe  connections, 
and  storage  tanks  in  solar  energy  sys- 
tems that  operate  under  pressure  from 
city  water  mains  or  on-site  pumps,  must 
be  capable  of  withstanding  these  pres- 
sures. These  are  similar  to  those  pres- 
sures encountered  in  conventional  water 
heating  systems. 

3.  For  most  efficient  operation,  the 


water  brought  to  the  collector  for  heating 
should  be  the  coldest  available.  Thus,  the 
collector  supply  line  should  draw  from  the 
bottom  of  the  storage  tank  where  the 
coldest  water  is  located.  Return  from  the 
collector  should  enter  near  the  top  of  the 
tank. 

4.  A three-way  modulating  valve 
should  be  used  at  the  point  where  the 
storage  tank  feeds  into  the  building’s  hot 
water  supply  pipes.  The  purpose  of  this 
valve  is  to  automatically  maintain  down- 
stream water  temperature  in  the  135-140°F 
range  by  blending  hot  and  cold  water. 
During  the  summer  months,  water  stored 
in  the  tank  could  reach  very  high  temper- 
atures. The  modulating  valve  effectively 
prevents  scalding  water  from  reaching 
the  taps. 

Collection:  System 
Types  and 
Configurations 

Thermo-syphon  System.  In  this  most 
basic  solar  water  heating  system,  the  cir- 
culation of  the  water  between  tank  and 
collector  is  maintained  by  the  natural 
convection  currents  that  are  set  up  when 
water  is  heated.  As  shown  in  Fig.  16, 
there  is  no  heat  exchanger  in  the  tank 
and  the  same.water  that  circulates 
through  the  collector  will  later  appear  at 
the  hot  water  tap.  When  the  water  in  the 
solar  collector  becomes  hotter  than  the 


FIGURE  16/  PRESSURIZED  THERMO-SYPHON  DOMESTIC  WATER  HEATING  SYSTEM 
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water  in  the  storage  tank,  it  rises  to  the 
tank.  At  the  same  time  the  colder  tank 
water  drops  into  the  collector  supply  line. 
Assuming  that  no  water  is  being  run  off  at 
the  tap,  circulation  will  continue  until  tank 
and  collector  temperatures  are  equalized. 

Lacking  both  circulating  pump  and 
heat  exchanger,  this  approach  offers  ap- 
pealing simplicity.  But  it  has  some  limita- 
tions, one  of  which  is  that  the  rate  of  flow 
cannot  be  controlled.  Also,  because  it  is 
difficult  to  provide  freeze  protection  with- 
out draining  the  collectors,  this  system  is 
most  appropriate  for  regions  that  do  not 
reach  freezing  temperatures. 

Pumped  Circulation  with  Heat  Ex- 
changer. In  the  system  depicted  in  Fig. 17, 
collector  water  is  pumped  through  a 


closed  pipe  loop  incorporating  a heat 
exchanger  coil  which  is  immersed  in  the 
storage  tank.  Because  collector  water 
and  domestic  water  do  not  intermingle, 
an  antifreeze  solution  can  be  added  to 
the  collector  water  for  low-temperature 
protection.  Single-wall  heat  exchangers 
may  be  permitted  when  the  antifreeze  is 
of  a non-toxic  type  such  as  propylene  gly- 
col. Safety  regulations  may  call  for  use  of 
a “double-wall"  heat  exchanger  which 
provides  a double  barrier  between  anti- 
freeze solution  and  potable  water,  when 
toxic  antifreeze  solutions  are  used.  The 
closed  collector  pipe  loop  must  have  an 
expansion  tank  and  a separate  pressure 
relief  valve  in  addition  to  the  valve  on  the 
storage  tank. 


Because  collected  heat  must  be  trans- 
ferred through  the  heat  exchanger,  the 
collection  fluid  must  be  hotter,  and  thus 
this  system  is  somewhat  less  efficient 
than  one  in  which  domestic  water  circu- 
lates through  the  collector  directly.  A 
check  valve  in  the  collector  return  pre- 
vents the  migration  of  heat  from  tank  to 
collector  by  thermo-syphon  action  on 
cold  nights. 

Pumped  Circulation  with  Freeze 
Control.  The  system  shown  in  Fig,  18 
employs  a circulating  pump,  but  dis- 
penses with  the  heat  exchanger.  Be- 
cause the  collector  circuit  is  not  sealed 
off  from  the  stored  water,  an  antifreeze 
solution  cannot  be  used.  Instead,  protec- 
tion against  freezing  temperatures  is 
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FIGURE  18/  PRESSURIZED/PUMPED  DOMESTIC  WATER  HEATING  SYSTEM  WITH  HEAT  BLEED  FREEZE  CONTROL 
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FIGURE  19/  PUMPED  CIRCULATION  DOMESTIC  WATER  HEATING  SYSTEM  WITH  DRAINDOWN 


afforded  by  passing  cold  water  from  well 
or  city  mains  through  the  collector  sys- 
tem. The  rate  of  flow  of  this  water  is  main- 
tained high  enough  to  prevent  freezing 
before  it  leaves  the  collector. 

A three-way  solenoid  valve  is  the  key 
control  element  in  this  system.  During 
normal  operation,  the  valve  is  positioned 
so  that  water  circulates  freely  between 
tank  and  collector.  No  cold  water  is  admit- 
ted to  the  system  unless  a hot  water  tap 
is  opened  somewhere  within  the  building, 
in  which  case  makeup  water  enters  from 
the  supply  source.  When  freezing 
temperatures  are  encountered,  the  three- 
way  valve  automatically  cuts  off  the 
storage  tank  and  diverts  return  water 
from  the  collector  into  a dry  well  or  sump. 
This  sets  up  a constant  flow  of  water  from 
the  source  through  the  collector  circuit 
and  out  to  the  sump. 

Pumped  Circulation  with  Drain- 
down.  Fig.  19  shows  a third  method  for 
providing  freeze  protection  in  solar  water 
heating  systems.  This  system,  again,  in- 
corporates a circulating  pump  for  collec- 
tor water,  but  does  not  employ  a heat  ex- 
changer. With  this  method,  the  collector 
circuit  is  drained  of  wafer  when  freez- 
ing temperatures  appear  imminent. 

When  a temperature  sensor  affixed  to 
the  bottom  of  the  absorber  plate  detects 
a drop  to  about  40°F  it  initiates  closing  of 
the  motorized  valve  in  the  collector  sup- 
ply. Reaching  its  fully  closed  position,  the 
valve  trips  an  end  switch  that  trips  the 
solenoids  of  both  the  dump  valve  and  the 
air  inlet  valve.  Water  then  drains  freely 
from  the  collector  circuit  and  out  of  the 
system.  Typically,  the  amount  of  water 
drained  is  not  more  than  two  or  three  gal- 
lons including  that  in  all  piping  exposed 
to  freezing  temperatures.  The  pres- 
surized source  water  is  prevented  from 


flowing  to  the  collector  by  means  of  the 
motorized  valve  in  the  supply  line  and  the 
one-way  check  valve  in  the  return. 

Whenever  the  absorber  plate  tempera- 
ture rises  to  a pre-set  difference  above 
storage,  the  motorized  valve  begins  to 
open,  the  circulating  pump  restarts,  and 
the  dump  valve  and  air  inlet  valve  close. 
As  the  collector  circuit  refills,  trapped  air 
is  relieved  through  the  automatic  vent 
and  normal  circulation  of  collector  water 
is  resumed. 

Storage:  Domestic 
Hot  Water  Tank 
Arrangements 

Most  applications  of  solar  water  heating 
require  a back-up  or  auxiliary  source  of 
heat  for  periods  of  low  solar  availability, 
or  high  heat  requirements.  The  manner 


in  which  the  solar  heat  and  auxiliary  heat 
are  employed  in  a system  has  a signif- 
icant effect  on  the  amount  of  useful  solar 
energy  which  can  be  collected  and  ap- 
plied to  the  heating  load. 

Separate  Solar  and  Conventional 
Domestic  Hot  Water  Tanks.  One  of  the 

many  proven  arrangements  for  introduc- 
ing supplementary  heat  is  illustrated  in 
Fig.  20.  The  larger  tank  is  connected  into 
the  collector  loop  and  stores  water 
heated  by  the  sun  by  one  of  the  methods 
described  earlier.  In  tandem  with  the 
storage  tank  is  a conventional  water 
heater  having  a fossil-fuel  burner  or  an 
electric  heating  element.  The  outlet  line 
of  the  solar  storage  tank  is  a pipe  con- 
nected to  the  “cold”  or  inlet  line  of  the 
conventional  heater.  When  there  is  a de- 
mand for  hot  water  somewhere  in  the 
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FIGURE  20/  DUAL  DOMESTIC  HOT  WATER  STORAGE  TANKS 


building,  city  water  pressure  forces  water 
through  the  solar  storage  tank,  through 
the  conventional  tank,  and  out  to  a water 
tap  or  fixture. 

When  the  solar-heated  water  is  warm 
enough  it  will  move  through  the  conven- 
tional tank  without  affecting  its  thermostat 
or  without  requiring  additional  heat.  How- 
ever, should  the  conventional  tank  water 
drop  below  a preset  temperature,  it  will 
cause  the  thermostat  to  trip , energizing 
the  burner  or  electrode  of  the  conven- 
tional heater.  The  heater  then  continues 
to  operate  in  its  normal  fashion,  cycling 
on  and  off  as  needed  to  maintain  tap- 
water  temperature  at  design  levels.  An 
advantage  of  this  configuration  is  that 
only  the  relatively  colder  water  in  the 
large  storage  tank  circulates  through  the 
collector  which,  thus,  is  permitted  to  func- 
tion at  a higher  efficiency. 

Single  Storage  Tank.  It  is  also  possi- 
ble to  provide  both  solar  and  auxiliary 
storage  in  the  same  tank  as  shown  in 
Fig.  21.  When  this  system  is  used,  a large 
storage  tank  should  be  selected.  The 
temperature  of  the  auxiliary  fuel  input 
should  be  set  to  maintain  a tank  tempera- 
ture of  about  110-120°F  This  will  mean 
that  the  coldest  water  that  can  be  circu- 
lated to  the  solar  collectors  will  be  110°F 
unless  some  natural  or  artificial  means  of 
stratification  is  achieved  in  the  tank.  The 
primary  disadvantage  of  the  system  is 
that  because  the  water  temperature 
which  is  circulated  through  the  collector  is 
higherthan  in  the  previous  arrangement, 
the  efficiency  of  the  collector  Is  much 
lower. 

Combined  Solar  Space  and  Domes- 
tic Water  Heating  System.  Fig.  22 
shows  the  combination  of  solar  space 
heating  with  a domestic  water  heating 
system.  Water  in  the  solar  storage  tank  is 
warmed  in  one  of  the  ways  described 
earlier.  If  the  solar  storage  tank  tempera- 
ture is  high  enough,  cold  domestic  make- 
up water  passing  through  a heat  ex- 
changer in  the  storage  tank  will  pick  up 
sufficient  heat  to  avoid  drawing  energy 
from  the  domestic  water  tank  heater. 
Whenever  the  temperature  of  the  domes- 
tic water  tank  drops  below  the  storage 
tank  temperature,  the  domestic  water  is 
pumped  through  the  heat  exchanger, 
transferring  whatever  heat  is  available. 
Final  temperature  boosting,  if  necessary, 
of  the  domestic  supply,  Is  provided  by  an 
auxiliary  heater  in  that  tank. 

It  is  possible  to  put  the  heat  exchanger 
in  the  domestic  storage  tank  and 
circulate  water  from  the  solar  tank  through 
it.  It  is  also  possible  to  combine  a 
solar  space  heating  system  with  a two- 
tank  domestic  water  heating  system, 
as  shown  in  Fig.  20. 
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FIGURE  21/  SINGLE  DOMESTIC  HOT  WATER  TANK 


AND  DOMESTIC  WATER  HEATING  SYSTEM 
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SECTION  5 

DISTRIBUTION:  SPACE  HEATING  f 


System  Requirements 

Solar  energy  collected  at  relatively  low 
temperatures  can  be  used  effectively  for 
space  heating.  However,  the  design 
requirements  for  space  heating  systems 
differ  from  those  for  domestic  water  heat- 
ing, because  space  heating  needs  are 
seasonal  and  larger.  These  differences 
affect  the  choice  of  collector  type,  size 
and  tilt  and  influence  the  design  of 
storage  and  distribution  systems  as  well. 

Fig.  23  compares  space  heating  en- 
ergy demand  with  collector  production 
over  a year’s  time.  Available  solar  energy 
is  least  when  heating  needs  are  highest. 
For  this  reason  it  has  been  found  advis- 
able to  design  solar  systems  to  handle 
only  about  60  to  70  percent  of  the  total 
annual  space  heating  loads.  Systems 
can  be  sized  to  supply  the  complete 
winter  requirements,  but  these  will  not 
fully  utilize  collector  potential  in  the  sum- 
mer months  and,  consequently,  may 
show  a poor  economic  return  on  first  cost 
investment.  A second  economic  consi- 
deration stems  from  the  fact  that  it  is  nec- 
essary to  provide  an  auxiliary  system  ca- 
pable of  meeting  100  percent  of  space 
heating  requirements  at  times  when  no 
solar  contribution  is  forthcoming.  Care 
should  be  taken,  however,  that  the  auxil- 
iary system  not  be  oversized. 

Solar  collectors  for  space  heating 
purposes  are  quite  similar  to  those  for 
domestic  water  heating.  In  general, 
collection  temperatures  will  be  higher. 
Collectors  that  operate  at  higher  tem- 
peratures lose  more  heat.  Thus  the  use 
of  double  glazing  may  be  appropriate 
in  some  climates.  In  climates  where 
freezing  is  a danger,  liquid  collection 
systems  must  be  protected  by  draining 
the  collectors  and  related  tubing,  incor- 
porating an  antifreeze  solution  or  other 
appropriate  means. 

There  is  an  additional  need  for  high 
temperature  protection  in  summertime 
when  collectors  continue  to  absorb  solar 
energy  even  when  there  is  little  or  no  de- 
mand for  heat  in  the  building.  Tempera- 
ture buildup  can  be  checked  by  maintain- 
ing circulation  in  the  collector  loop  and 
incorporating  a means  for  rejecting  heat. 

If  circulation  is  to  be  stopped  in  warm 
weather  and  temperatures  allowed  to 
build,  collectors  and  supporting  struc- 
tures must  be  engineered  to  withstand  the 
severe  thermal  stresses  that  can  result. 


Whatever  the  high  temperature  protec- 
tion, however,  all  collectors  should  be  de- 
signed to  withstand  high  thermal  stress  to 
protect  against  unforeseen  circumstances. 

Space  heating  systems  can  take  many 
different  forms,  each  with  its  own  particu- 
lar combination  of  the  various  ap- 
proaches to  collecting,  storing  and  dis- 
tributing solar  energy.  Four  workable 
systems,  each  based  on  a different 
means  of  distribution,  will  serve  to  illus- 
trate some  of  the  possible  combinations. 
Three  of  these  involve  direct  distribution 
of  stored  heat  by  pump  or  blower.  The 
fourth  uses  a heat  pump  to  boost  the 
level  of  stored  heat  to  some  higher  tem- 
perature that  is  more  compatible  with  the 
design  requirements  of  the  chosen  space 
heating  system.  Three  use  water  as  the 
medium  for  collecting  and  storing  solar 
energy,  while  one  uses  air  as  the  medium 
for  collecting  and  solid  material  for  storage. 

System  1 : Water 
Collection/ Water 
Storage/Air  Distribution. 

The  system  depicted  in  Fig.  24  and  slight 


variations  of  it  have  found  wide  accept- 
ance because  they  are  simple  to  operate 
and  control.  The  circulating  pump  in  the 
collector  loop  operates  whenever  collec- 
tor temperature  is  higher  than  the  tem- 
perature of  storage  tank  water  by  a pre- 
set amount.  When  the  pump  stops,  water 
in  the  collectors  and  pipe  lines  drains  into 
the  storage  tank.  To  permit  this  automatic 
draining  process,  the  return  pipe  must  be 
coupled  to  the  tank  in  such  a fashion  that 
the  end  of  the  pipe  is  kept  above  the  level 
of  the  stored  water  or  the  pipe  must  be 
vented  by  some  other  means. 

When  the  building  thermostat  calls  for 
heat,  a pump  circulates  stored  water 
through  a heat  exchanger  coil  in  the  re- 
turn air  duct  upstream  of  the  furnace.  At 
the  same  time,  the  furnace  fan  begins  to 
draw  air  through  this  heat  exchanger  coil 
and  into  the  building.  As  long  as  the  coil 
transfers  sufficient  heat  to  maintain  sup- 
ply air  temperature  high  enough,  the  fur- 
nace burner  or  heating  element  remains 
inoperative.  When  the  supply  of  solar 
heat  falls  short  of  the  building’s  require- 
ments, the  furnace  comes  on  to  furnish 
supplementary  heat. 


FIGURE  23/  SPACE  HEATING  DEMAND  VS.  COLLECTOR  PRODUCTION 


FIGURE  24/  WATER  COLLECTION/WATER  STORAGE/AIR  DISTRIBUTION  SPACE  HEATING  SYSTEM 


There  are  several  common  methods 
for  control  of  the  Input  of  auxiliary  energy. 
One  of  these  involves  the  conventional 
furnace  thermostat  which  normally  ig- 
nites the  burners  when  bonnet  tempera- 
ture drops  below  130°F  approximately. 
Resetting  the  furnace  bonnet  tempera- 
ture to  about  too  to  110°F  should  be  con- 
sidered for  improved  economy.  The  fur- 
nace fan  operates  for  a slightly  greater 
period  of  time,  but  more  benefit  is  derived 
from  the  solar  system  because  it  is  useful 
at  lower  temperatures.  Reducing  the  bon- 
net temperature  still  further  during  the 
spring  and  fall  seasons  can  save  addi- 
tional energy. 

A second  method  uses  a two-stage 
thermostat  with  the  first  stage  controlling 
solar  heat  alone  and  the  second,  solar 
and  auxiliary  heat.  When  the  thermostat 
calls  for  heat,  the  first  stage  is  activated. 

If  it  is  incapable  of  meeting  the  heating 
requirement,  the  second  stage  acti- 
vates the  auxiliary  heat. 

This  system  could  be  modified  some- 
what by  the  addition  of  three-way  valves 
to  circulate  water  directly  from  the  collec- 
tor array  to  the  house  heat  exchange  coil 
when  heat  is  available  in  the  solar  collec- 
tors and  there  is  a simultaneous  space 
heating  requirement.  This  would  bypass 
the  storage  tank  and  eliminate  the  neces- 
sity of  raising  the  temperature  of  the  en- 
tire volume  of  the  storage  tank  to  a us- 
able temperature  before  the  solar  energy 
can  be  utilized.  This  modification  to  the 
system  would  require  additional  sensing 


and  control  capabilities.  In  most  instan- 
ces the  primary  heating  demand  occurs 
during  non-collection  hours  and  with  a 
properly  sized  storage  volume  the  bene- 
fits added  by  this  modification  will  proba- 
bly be  minimal. 

System  2:  Water 
Collection/  Water  Storage/ 
Water  Distribution. 

Solar  energy  systems  using  water  collec- 
tion and  storage  are  highly  suited  for  fin 
tube  and  radiant  panel  Installations. 
Finned-tube  convectors,  however,  nor- 
mally require  a higher  water  temperature 
than  fan-coil  units  to  achieve  an  effective 
heat  exchange.  To  compensate  for  the 
lower  temperatures  of  solar  heated  water, 
therefore,  it  is  usually  necessary  to  spec- 
ify a greater  amount  of  tube  than  would 
normally  be  installed. 

When  finned-tube  convection  devices 
are  used  for  heat  distribution,  there  are 
two  possible  configurations: 

Fig.  25  shows  a series  configura- 
tion, in  which  heat  is  supplied  by  either 
the  solar  system  or  the  auxiliary  boiler. 
When  the  solar  storage  tank  is  hot 
enough  to  supply  the  heating  load, 
water  is  pumped  from  the  storage  tank 
through  the  finned  tubes  and  by- 
passes the  boiler.  If  the  storage  tank  Is 
not  hot  enough  to  supply  the  heating 
load  completely,  water  Is  pumped 
through  the  boiler  and  then  the  finned 
tubes,  bypassing  the  storage  tank. 


It  is  not  advisable  to  pump  water 
from  the  storage  tank,  through  the 
boiler  and  then  through  the  finned 
tubes.  This  type  of  arrangement  would 
actually  use  less  solar  energy  and 
more  auxiliary  energy  than  the  one 
described  below. 

The  Inset  on  p.  18  shows  a parallel 
distribution  configuration,  in  which 
heat  can  be  supplied  by  both  the  solar 
system  and  the  auxiliary  boiler  simul- 
taneously if  necessary.  If  the  heating 
requirement  can  be  supplied  by 
the  water  from  the  solar  tank,  the 
auxiliary  boiler  does  not  operate.  When 
more  heat  is  required  than  the  solar 
system  can  supply  alone,  the  auxil- 
iary boiler  begins  operating,  supple- 
menting the  solar  heat.  This  arrange- 
ment permits  lower  temperature  water 
In  the  solar  system  to  be  used  to  supply 
a portion  of  the  heating  load.  The  result 
is  higher  collector  efficiencies,  and 
more  usable  solar  energy. 

Larger  systems  sometimes  employ 
outdoor-air  temperature  sensors  to  con- 
trol boiler  water  temperatures.  This  fea- 
ture provides  flexibility  in  meeting  fluctua- 
tions in  the  building’s  heating  load  im- 
posed by  changing  weather  conditions. 
When  outdoor  temperature  drops,  for  ex- 
ample, boiler  water  temperature  is  raised 
automatically  to  compensate  for  in- 
creased heat  load  from  the  building.  Like 
System  I,  the  hydronic  system  can  be 
modified  to  allow  collector  water  to  be 
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FIGURE  25/  WATER  COLLECTION/WATER  STORAGE/SERIES  WATER  DISTRIBUTION  SPACE  HEATING  SYSTEM 


pumped  directly  to  convectors  and  radi- 
ant tubes,  thus  bypassing  the  storage 
tank. 

Even  more  compatible  with  the 
characteristics  of  water  collection  and 
storage  are  radiant  panel  heating  systems 
employing  copper  tube  embedded  in  con- 
crete floor  slabs  and  In  wall  and  ceiling 
construction.  Such  radiant  systems 
operate  with  lower  fluid  temperatures  and, 
consequently,  the  utility  of  the  solar 
heated  water  will  be  higher.  Such  a 
system  is  represented  in  Figure  26. 

Experience  dictates  that  the  maximum 
surface  temperature  for  a ceiling  or  wall 


radiant  heating  system  is  120°F;  for  a 
floor  panel,  85  °F.  Because  of  the  higher 
distribution  temperatures  available,  wall 
and  ceiling  radiant  heating  systems  re- 
quire less  panel  area  than  a floor  panel,  in 
order  to  meet  the  same  load.  Flowever, 
any  calculation  of  heat  transfer  from  a ra- 
diant panel  heating  system  to  the  room  air 
must  consider  both  the  convective  and 
conductive  heat  transfer  rates.  Techni- 
cally, transfer  of  heat  by  convection  is  0.4 
Btu  (per  hr.  per  sq.  ft.  per  1 °F)  for  a ceiling 
panel,  0.8  Btu  for  a wall  panel,  and  1 .1  Bfu 
for  a floor  panel.  In  addition,  there  is  the 
transfer  of  heat  by  radiation,  which  is 


FIGURE  26/ WATER  COLLECTION /WATER  STORAGE/SOLAR  RADIANT  HEATING 


typically  about  1 .0  Btu  for  all  three 
distribution  types.  Therefore,  the  sums  of 
heat  transfer  are  1 .4  Btu  for  a ceiling 
panel,  1 .8  Btu  for  a wall  panel,  and  2.1  Btu 
for  a floor  panel.  These  rates  must,  In  turn, 
be  multiplied  by  the  surface-to-air 
temperature  difference  for  the  hourly 
heat  transfer  in  Btu  per  square  foot  of 
panel  area. 

Floor  Installations  have  been  the  most 
common,  with  copper  coils  embedded  in 
concrete,  having  one  inch  or  more  of  con- 
crete above  and  never  less  than  one-half 
inch  below.  For  slab  on  grade  construc- 
tion, insulation  is  imperative  beneath  the 
slab.  It  is  also  important  to  insure  that 
ground  water  will  not  also  carry  away 
heat.  Floor  panels  are  particularly  ap- 
propriate for  structures  with  high-ceilings. 

Ceiling  and  wall  panels  are  usually 
embedded  in  plaster.  Centering  the  coils 
between  rooms  or  floors  is  not  recom- 
mended, as  it  usually  results  In  poor  heat 
transfer  and  lack  of  room  temperature 
control.  For  wall  panel  installations,  very 
heavy  insulation  is  necessary  to  reduce 
heat  loss  to  the  exterior  from  the  warm 
walls. 

Conventional  hot  water  heating  controls 
are  appropriate,  and  air  vents  should  be 
installed  at  the  system  high  points. 

Drain  cocks  should  also  be  provided 
at  system  low  points.  One-half  inch  Type  L 
copper  tube  is  often  an  appropriate  size. 


System  3:  Air  Collection/ 
Solid  Material  Storage/ 

Air  Distribution. 

Air  may  be  appropriate  as  the  heat- 
transfer  fluid  in  systems  where  the  pri- 
mary use  of  the  energy  is  for  the  heating 
of  living  spaces.  Air  collection  systems 
have  several  distinct  characteristics 
when  compared  to  circulating  liquid 
collection  systems: 

■ Air  collectors  are  somewhat  less  effi- 
cient, requiring  a greater  area  of  solar 
panels. 

■ Rock  storage  requires  greater  volume 
than  water  because  of  Its  lower  heat  ca- 
pacity, and  the  requirement  for  space 
around  the  rocks  to  permit  the  circulation 
of  air.  About  0.5  cubic  feet  of  storage 
should  be  allotted  per  sq.  ft.  of  collector 
(or  about  2-3  times  the  requirement  for 
water  storage). 

■ The  collector  supply  and  return  ducts 
must  be  large  enough  to  accommodate  a 
flow  of  about  2 SCFM  (Standard  Cubic 
Feet  per  Minute)  of  air/sq.  ft.  of  collecfor. 
For  most  residential  applications,  this  will 
necessitate  an  area  of  3-5  square  feet. 

■ Since  large  quantities  of  air  must  be  cir- 
culated, and  since  there  is  a pressure 
drop  through  both  the  collectors  and  the 
storage  container,  greater  fan  motor 
horsepower  may  be  required  than  pump 
motor  horsepower  in  comparable  water 
systems,  reflecting  higher  costs. 


■ It  is  quite  important  to  have  a relatively 
clean,  dust-free  collector  to  maintain  effi- 
ciency and  reduce  pressure  drop.  A high 
quality  filter  which  is  regularly  cleaned  is 
important. 

■ It  Is  Important  to  waterproof  the  outside 
of  the  rock  storage  container  to  prevent 
the  penetration  of  ground  water.  A warm, 
moist  storage  container  is  very  condu- 
cive to  the  formation  of  fungi  which  can 
reduce  air  flow  and  distribute  allergy- 
irritating  spores  through  the  house  dis- 
tribution system. 

■ Since  the  transfer  of  heaf  from  air  to 
water  is  not  as  efficient  as  from  water  to 
water,  larger  heat  exchangers  will  be  re- 
quired to  heat  domestic  water  supplies. 

■ It  is  important  to  provide  an  air  plenum 
above  and  below  the  storage  container  to 
permit  a uniform  flow  of  air.  It  Is  also  nec- 
essary to  flow  warm  air  down  through  the 
storage  container  for  collection,  while  dis- 
tribution requires  reversing  and  flowing 
up  through  storage. 

Fig.  27  illustrates  a typical  air  collec- 
tion/rock storage/air  distribution  system. 

When  heat  is  available  for  collection, 
and  there  is  not  a simultaneous  demand 
in  the  house,  the  collector  circulation  fan 
begins  operation  drawing  air  down 
through  the  storage  container.  Motor 
operated  damper  number  3 is  open 
whenever  the  collector  fan  is  oper- 
ating and  closed  at  all  other  times.  The 
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FIGURE  27/ AIR  COLLECTION/SOLID  MATERIAL  STORAGE/AIR  DISTRIBUTION  SPACE  HEATING  SYSTEM 
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FIGURE  28/ WATER  COLLECTION/WATER  STORAGE/AIR-TO-AIR  HEAT  PUMP  DISTRIBUTION  SPACE  HEATING  SYSTEM 


top  portion  of  the  storage  container  con- 
tents will  heat  first,  and  the  heat  will 
extend  downward  as  more  energy  is  col- 
lected. Motor  operated  damper  number  4 
is  normally  open. 

When  heat  is  required  by  the  space, 
but  no  heat  is  being  collected,  the  centrif- 
ugal fan  in  the  furnace  begins  operation, 
signaling  dampers  1 and  2 to  open. 
(These  dampers  are  closed  unless  this 
fan  is  operating).  Return  air  is  drawn  up- 
ward through  the  storage,  exiting  at  maxi- 
mum temperature,  and  circulated  to  the 
house.  Auxiliary  energy  is  not  added  by 
the  furnace  unless  the  heating  load  can- 
not be  provided  by  the  solar  system. 

If  there  is  a simultaneous  collection  of 
energy  and  demand  for  heat  by  the 
house,  motor-operated  damper  4 is 
closed.  This  damper  is  open  unless  both 
collection  and  distribution  fans  are 
operating  simultaneously.  Air  is  thus  cir- 
culated directly  from  the  collector  to  the 
house.  This  is  more  important  in  air-rock 
systems  since  the  heat  transfer  into  and 
out  of  storage  is  not  as  fast  or  efficient  as 
water  collection,  water  storage  systems. 


System  4: 

Water  Collection/ 

Water  Storage/Heat 
Pump  Distribution. 

Energy  in  the  form  of  heat  flows  “down- 
hill” from  a warmer  substance  to  a colder 
substance.  The  rate  of  flow  is  propor- 
tional to  the  thermal  gradient,  which  is  the 
temperature  difference  that  exists  be- 
tween the  warmer  and  colder  materials. 
Therefore,  the  ability  of  a solar-heated 
fluid  to  feed  energy  into  a space  heating 
system  depends  on  the  thermal  gradient 
between  the  solar-heated  storage  source 
and  the  air  or  water  circulating  in  the 
heating  system.  As  heat  is  taken  from  it, 
the  stored  water  experiences  a con- 
tinual drop  in  temperature  until  a point  is 
reached  when  the  diminishing  thermal 
gradient  is  insufficient  to  provide  the  flow 
of  energy  needed  by  the  structure’s  space 
heating  system. 

In  the  three  systems  just  described 
which  make  direct  use  of  solar-heated 
storage,  the  thermal  gradient  may  be- 
come inadequate  to  provide  sufficient 
heat  when  storage  temperature  drops  to, 
say,  90°F  The  exact  temperature  for  any 
system  depends  on  whether  that  system 


is  hydronic  or  ducted  air,  the  type  of  heat 
delivery  equipment  (finned-tube  base- 
board, fan-coil  units,  etc.),  and  the  indoor 
design  temperature.  In  any  case,  there  is 
a low  point  at  which  the  thermal  gradient 
becomes  insufficient,  and  supplementary 
heat  must  be  introduced. 

The  electrically  driven  heat  pump 
offers  a means  of  enhancing  the  flexibility 
and  efficiency  of  solar  systems.  It  has  the 
capability  of  extracting  heat  from  a cooler 
source  and  pumping  it  up  to  a higher 
temperature,  thereby  increasing  the  ther- 
mal gradient.  This  makes  it  possible  to 
extract  useful  heat  from  the  solar  storage 
system  even  when  its  temperature  has 
fallen  below  the  room  temperature. 

Heat  pumps  most  commonly  used  in 
small  commercial  and  residential  projects 
are  of  two  types: 

1.  Air-To-Air  Heat  Pump -\Nher\  heat- 
ing is  required,  the  heat  pump  ex- 
tracts heat  from  one  air  source 
(usually  the  outside  air),  pumps  it 
up  in  temperature,  and  warms  the 
room  air. 

2.  Water-To-Air  Heat  Pump -When 
heating  is  required,  the  heat  pump 
extracts  heat  from  the  storage 


FIGURE  29/WATER  COLLECTION/WATER  STORAGE/WATER-TO-AIR  HEAT  PUMP  SPACE  HEATING  SYSTEM 


water,  pumps  it  up  in  temperature 
and  warms  the  room  air. 

The  heat  pump  is  essentially  a heat- 
transfer  refrigeration  device  that  puts  the 
heat  rejected  by  the  refrigeration  to  good 
use.  It  is  similar  in  design  to  a conven- 
tional refrigeration  machine  and  has  the 
same  three  basic  components:  compres- 
sor, condenser  and  evaporator.  The 
uniqueness  of  the  heat  pump  lies  in  its 
reversing  valve  which  permits  changing 
the  direction  of  refrigerant  flow.  Because 
of  the  reversing  valve,  all  heat  pumps 
currently  manufactured  can  provide  cool- 
ing as  well  as  heating.  For  space  cooling, 
the  process  is  the  reverse  of  that  de- 
scribed above. 

Air-to-air  heat  pumps  can  be  used  in 
solar  systems  in  several  different  ways. 
The  simplest  arrangement  is  similar  to 
that  shown  in  Fig.  28  All  solar  heating  is 
done  directly  from  storage,  without  the 
aid  of  temperature  “boosting”  by  the  heat 
pump,  using  the  fan  unit  of  the  heat 
pump  to  circulate  the  room  air  over  the 
solar  heat  exchange  coil.  If  the  heat  avail- 
able from  the  solar  storage  is  insufficient, 
the  heat  pump  begins  to  operate,  supply- 
ing additional  heat  to  the  air.  Although 
this  configuration  does  not  permit  the 


stored  solar  energy  to  be  used  below  the 
space  temperature,  it  greatly  reduces  the 
operational  time  of  the  heat  pump,  saving 
the  electricity  needed  to  operate  its  com- 
pressor. Other  heat  pump  configurations 
are  possible  which  permit  the  air-to-air 
heat  pump  to  extract  heat  from  water  or 
solid  storage  at  temperatures  below  the 
room  temperature.  These  systems  are 
more  complex,  however,  and  they  require 
additional  automatic  controls.  Unless 
they  are  carefully  designed,  they  may  not 
save  as  much  energy  as  other  solar  heat- 
ing systems. 

Water-to-air  heat  pumps  can  also  be 
used  in  solar  heating  systems  as  illus- 
trated in  Fig.  29.  When  the  solar  storage 
tank  temperature  is  over  a certain  point 
(usually  about  90°F),  storage  is  used  di- 
rectly for  space  heating  with  the  heat 
pump  fan  circulating  the  room  air  over  the 
solar  water  coil.  When  the  storage  tank 
temperature  falls  below  the  temperature 
needed  for  direct  heating,  the  control 
valve  changes  position  and  circulates  the 
storage  water  into  the  heat  pump. 

When  the  water  flow  to  the  heat  pump 
has  been  proven  by  a flow  switch,  the 
heat  pump  compressor  begins  to 
operate,  extracting  heat  from  the  water 


and  pumping  it  up  in  temperature.  It  is 
then  used  for  warming  the  room  air.  This 
continues  until  the  heating  load  has  been 
satisfied  or  the  storage  tank  temperature 
drops  to  the  lower  operating  limit  of  the 
heat  pump  (usually  about  60°F).  The  ac- 
tual operating  temperature  limits  of  the 
heat  pump  must  be  determined  by  the 
manufacturer  and  the  solar  system  con- 
trols set  accordingly.  If  another  water 
supply  of  appropriate  temperature  is 
available,  it  can  be  used  when  the  usable 
heat  in  the  solar  tank  has  been  ex- 
hausted. It  is  usually  necessary  to  supply 
a back-up  heat  source,  such  as  electric 
resistance  coils  built  into  the  heat  duct- 
ing, to  provide  heat  when  the  solar  tank 
and  other  heat  sources  have  been 
depleted. 

Used  in  this  way,  the  solar  system  im- 
proves the  actual  performance  of  the 
heat  pump  by  decreasing  the  thermal 
gradient  through  which  it  must  pump. 
This  reduces  both  the  operating  time  of 
the  heat  pump,  and  its  electrical  con- 
sumption during  operation.  Water-to-air 
heat  pumps  are  often  used  in  applica- 
tions which  have  multiple  zones  in  the 
building,  and  may  require  simultaneous 
heating  and  cooling  in  different  zones. 
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DESIGN  RECOMMENDATIONS  f 
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Introduction 

All  parts  of  the  solar  energy  system  must 
be  carefully  selected  in  order  to  obtain 
the  best  possible  performance.  Although 
most  materials  used  in  solar  heating  and 
cooling  systems  are  well  known  to  the 
construction  trades,  they  must  be  chosen 
and  assembled  with  special  considera- 
tion for  the  unusual  operating  conditions 
under  which  the  solar  collectors  and  the 
associated  plumbing  system  operate. 

Absorber  Plates 

Copper,  steel,  aluminum  and  plastic  are 
used  for  solar  collector  absorber  plates. 
Copper  has,  by  far,  the  longest  and  most 
successful  history  of  use  in  this  application. 

The  most  important  characteristics  tor 
absorber  plate  material  are  thermal  con- 
ductivity, corrosion  resistance,  ease  of 
fabrication,  mechanical  strength  and 
availability.  The  absorber  plate  must  also 
readily  accept  the  desired  absorptive 
coating. 

The  thermal  conductivity  of  an  ab- 
sorber plate  should  be  high  enough  to 
conduct  heat  to  the  transfer  fluid  with  a 
relatively  small  temperature  drop.  It  is 
common  practice  to  limit  this  temperature 
drop  to  10  to  15  °F  or  even  less.  Generally, 
this  heat  transfer  is  controlled  by  tour  fac- 
tors: 1 ) thermal  conductivity  of  the  plate 
material;  2)  plate  thickness— thicker 
plates  conduct  more  heat,  but  tend  to  be 
more  expensive,  heavier,  and  of  slower 
response,  especially  at  low  sun  condi- 
tions: 3)  tube  spacing— tubes  spaced 
closer  together  permit  the  absorber  plate 
to  be  thinner  when  highly  conductive  ma- 
terials are  used:  and  4)  the  thermal  con- 
ductance of  joints  which  occur  between 
components.  The  thermal  conductivity 
of  copper  (Copper  No.  110)  is  226 
BTU/Hr./Ft.2/Ft./°F  It  we  set  this  value 
equal  to  100,  the  corresponding  conduc- 


tivity for  aluminum  is  about  54,  and  tor 
carbon  steel,  about  12.  This  thermal  ad- 
vantage of  copper  is  summarized  in  Fig- 
ure 29,  which  shows  how,  under  typical 
conditions,  thinner  gauges  of  copper 
transfer  the  same  amount  of  heat  as 
thicker  gauges  of  the  other  two  metals. 
Since  plastic  acts  as  an  insulator  rather 
than  a conductor,  its  use  in  absorber 
plates  is  limited  to  low  temperature,  non- 
critical  operations. 

The  excellent  corrosion  resistance  of 
copper  in  both  all  copper  and  mixed- 
metal  systems,  in  addition  to  its  superior 
thermal  conductivity,  have  made  it  the 
most  desirable  metal  presently  used  for 
absorber  plates  and  fluid  passages  in  flat 
plate  solar  collectors.  Copper  is  readily 
available  in  various  types  of  tube,  fittings, 
and  sheet  materials  which  are  easily  fab- 
ricated or  joined  by  brazing,  soldering. 


and  mechanical  fastening.  The  handling 
and  fabrication  of  copper  are  familiar  to 
the  heating,  ventilating  and  air  condition- 
ing trades,  as  well  as  to  the  other  building 
trades.  Copper  has  been  widely  used  for 
roofing,  plumbing,  and  FIVAC  systems 
since  metals  were  first  employed  in  these 
applications. 

Copper  has  the  needed  mechanical 
strength,  particularly  at  the  elevated  tem- 
peratures developed  in  absorber  plates. 

In  addition,  copper  readily  accepts  a wide 
variety  of  selective  and  non-selective  sur- 
face coatings. 

Absorber  Plate  Coatings 

In  addition  to  durability,  the  most  impor- 
tant properties  of  absorber  plate  coatings 
are  absorptance  and  emittance , The  col- 
lector plate  should  absorb  as  much  of  the 
incident  solar  radiation  as  possible  for 
maximum  efficiency  and  performance. 
Surfaces  which  absorb  radiafion  also  "re- 
radiate”  or  "emit''  a portion  of  the  energy. 
Limiting  this  emission  or  re-radiation  of 
long  wavelength  energy  improves  the 
collector  efficiency.  A low  emittance  is 
especially  desirable  at  high  collection 
temperatures,  but  absorptance  should  not 
be  sacrificed  to  obtain  low  emittance. 

Coating  stability,  particularly  at  high 
temperatures,  is  important.  A coating  that 
has  not  been  proven  for  solar  absorber 
application  might  outgas  volatile  sub- 
stances which  can  haze  the  glazing 
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covers  and  lower  solar  energy  transmis- 
sion, thus  reducing  collector  efficiency. 
The  absorber  coating  must  also  prove 
stable  in  the  presence  of  moisture,  and 
provide  durability  for  the  life  of  the 
collector, 

A high  performance  flat  black  paint  has 
an  absorptance  of  about  0.95,  and  about 
the  same  emittance.  Several  commercial 
flat  black  paints  are  suitable  finishes  for 
most  collector  absorber  plate  applica- 
tions, Copper  absorber  plates,  properly 
cleaned,  are  easily  painted,  either  on  site 
or  in  the  factory  where  the  collector  is 
assembled. 

Selective  surface  coatings  have  been 
developed  which  combine  the  desired 
surface  properties  of  high  absorptance 
and  low  emittance.  Copper  surfaces  can 
be  made  selective  both  by  chemical 
treatment  and  by  electroplating.  Com- 
mercially available  selective  surfaces  of 
both  these  types  have  emittance  values 
substantially  lower  than  their  absorptance 
as  shown  in  Table  2.  Selective  coatings 
are  particularly  beneficial  in  applications 
where  collectors  operate  at  higher  tem- 
peratures. The  selective  surface  mini- 
mizes re-radiation  from  the  collector  plate 
to  the  cover  glazing.  In  this  way,  heat 
losses  upward  from  the  collector  plate 
are  controlled,  effectively  increasing  col- 
lection efficiency.  Selective  surfaces  are 
generally  more  expensive  than  flat  black 
paint  coatings.  Their  potential  benefits 
should,  therefore,  be  evaluated  before 
specifying  their  use. 

Piping  Systems 

It  is  imperative  that  the  fluid  passages  in 
the  absorber  plate  be  compatible,  from  a 
corrosion  standpoint,  with  the  materials 
used  for  the  piping,  storage  tank,  pump 
and  valve  bodies.  Conventional  hydraulic 
calculation  methods  are  used  to  size  pip- 
ing in  collector  arrays.  To  avoid  erosion 
corrosion,  flow  should  not  exceed  4 to  6 
feet  per  second.  Pipe  runs  should  be  as 
short  and  straight  as  possible,  free  from 
built-in  “air-locks”  that  entrap  air  bubbles 
which  restrict  or  cut  off  flow.  Connections 
from  the  supply  and  return  water  lines  to 
the  collectors  should  provide  for  thermal 
expansion  in  each  piping  loop. 

All  piping  should  be  pitched  from  the 
high  point  of  the  system  to  insure  com- 
plete drainage  when  necessary.  In  sys- 
tems protected  against  freezing  by  drain- 
ing, the  piping  is  pitched  at  a minimum  of 
vs-inch  per  1 -foot  of  run  so  that  the  fluid 
drains  completely. 

Start-up  of  all  liquid-carrying  systems 
should  include  a flushing  operation  to  re- 
move all  dirt  and  debris  accumulated  dur- 
ing installation.  Follow  manufacturers’ 
recommendations  when  flushing  sys- 
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ABSORPTANCE 

EMITTANCE 

1 , Flat  Black  Paint,  as  applied 

.95 

.85-. 95 

2.  Commercial  Selective  Coating 
(chemical  treatment) 

Samples  from  collector 
manufacturer  A 

.86 

.09 

Samples  from  collector 
manufacturer  B 

.83 

.11 

3.  Typical  Black  Chrome  on  Copper 

.93-. 96 

.08-. 11 

TABLE  2/TYPICAL  PROPEFTTIES  OF  COPPER  ABSORBER  PLATE  COATINGS 


terns  which  use  a heat  transfer  fluid  other 
than  water. 

Corrosion  Protection 

Solar  systems  can  be  expected  to  have  a 
long,  useful  life,  if  proper  steps  are  taken 
to  control  corrosion.  There  are  three  pri- 
mary areas  of  concern  in  metal  collector 
systems:  1)  corrosion  between  dissimilar 
metals;  2)  use  of  corrosive  liquids: 

3)  presence  of  air  in  the  system. 

When  dissimilar  metals  are  used  in 
the  presence  of  moisture,  corrosion  can 
occur.  When  copper  is  combined  with 
most  other  metals,  such  as  aluminum  or 
steel,  in  the  presence  of  moisture,  the 
copper  will  not  corrode.  The  other  metal 
will,  however,  experience  accelerated 
corrosion  in  a water  system.  For  exam- 
ple, if  copper  tube  is  used  to  connect 
aluminum  collectors,  the  collectors  would 
soon  develop  pits  in  the  aluminum  fluid 
tubes,  which  may  cause  leaks. 

In  a solar  collector  system,  as  in  any 
system  involving  a circulating  fluid,  it  is 
not  sufficient  simply  to  use  dielectric  fit- 
tings to  separate  the  dissimilar  metals 
from  direct  contact.  Copper  ions  can  be 
carried  by  the  fluid  and  deposited  on  the 
other  metal,  causing  pitting.  It  is  difficult, 
as  a practical  matter,  to  exclude  bronze 
valves  and  pump  impellers  from  collector 
systems,  especially  considering  the  pos- 
sibility of  system  modification  or  repair 
once  in  service.  Although  complex  sys- 
tems of  corrosion  protection  are  available 
for  mixed-metal  systems,  the  best  solu- 
tion simply  is  not  to  mix  metals. 

Copper  is  highly  resistant  tacorrosion 
when  recommended  plumbing  practices 
are  followed.''  It  is  especially  resistant  to 
corrosion  in  re-circulating  hot  water. 

There  are,  however,  some  unique  circum- 
stances which  can  cause  corrosion  in 
copper  systems.  Some  liquids  commonly 
used  as  heat  transfer  fluids  can  lead  to 
corrosion  in  solar  energy  systems.  Also, 
some  localities  are  supplied  with  aggres- 

’ Recommended  plumbing  practices  are  described  in  the 

Copper  Development  Association  Inc.  publication  “Copper 

Tube  Product  Handbook"  (No.  404  0) 


sive  waters  which  can  promote  pitting 
corrosion  in  metal  collector  systems. 

Such  aggressive  waters  typically  are 
highly  mineralized,  having  a high  level  of 
dissolved  solids  content  including  sulfates 
and  chlorides,  pH  values  ranging  from  7.3 
to  7.8,  high  (over  eight  parts  per  million) 
carbon  dioxide  content  and  the  presence 
of  dissolved  oxygen  gas.  A trouble  free 
history  of  copper  plumbing  in  a locality 
can  usually  be  taken  as  evidence  that  its 
water  is  not  aggressive  to  copper.  It  may, 
however,  be  aggressive  to  other  metals. 

In  the  absence  of  such  evidence  and  in 
undeveloped  areas,  the  water  should  be 
chemically  analyzed.  A qualified  water 
treatment  engineer  should  prescribe  a 
treatment  to  make  problem  water  non- 
aggressive  to  plumbing  materials.  In  gen- 
eral, this  involves  raising  the  pH  and 
neutralizing  the  free  carbon  dioxide. 

If  anti-freeze  is  added  to  the  water,  or  if 
special  heat  transfer  fluids  are  used, 
new  possibilities  forcorrosion  arise.  Anti- 
freezes are  formulated  products  which 
usually  contain  corrosion  inhibitors.  With 
use,  inhibitors  may  degrade,  particularly 
at  high  temperatures.  The  fluid  then 
becomes  corrosive  and  must  be  moni- 
tored and  replenished  when  necessary. 
Recommendations  of  the  anti-freeze 
manufacturer  should  be  carefully 
observed  to  avoid  system  damage.  Two 
major  types  of  anti-freeze  presently  used 
with  water  in  solar  collector  systems  are 
propylene  glycol  or  ethylene  glycol  based. 

Ethylene  glycol  has  found  major  appli- 
cations in  industrial  and  automotive  use. 

It  is  available  in  both  inhibited  and  unin- 
hibited grades.  Ethylene  glycol  formula- 
tions with  extensive  inhibition  are  used 
for  automotive  freeze  protection.  Less  in- 
hibited solutions  are  generally  used  for 
industrial  applications.  There  is  a long 
history  of  successful  use  with  copper  and 
copper  alloys,  especially  in  the  automo- 
tive radiator.  Inhibitors  can  be  regen- 
erated via  controlled  additions  of  constit- 
uents based  on  standard  tests  for  pH, 
alkalinity,  phosphates,  nitrates  and 
organic  matter. 
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Propylene  glycol  is  claimed  to  be  non- 
toxic. For  commercial  use,  the  Food  and 
Drug  Administration  requires  propylene 
glycol  solutions  where  contact  with  food 
products  occurs.  The  10%  inhibited  pro- 
pylene glycol  solution,  known  as  Food 
Freeze  #35,  meets  FDA  requirements. 
The  use  of  additives  (including  water) 
may  remove  FDA  Certification.  There  are 
presently  no  standard  kits  for  monitoring 
propylene  glycol  chemistry.  Since  the  so- 
lution involves  only  one  or  two  inorganic 
inhibitors,  laboratory  tests  for  solution 
control  focus  on  pH,  alkalinity,  and  inhibi- 
tor concentration.  Generally,  inhibited 
propylene  glycol,  not  ethylene  glycol, 
should  be  used  in  solar  heating  systems 
for  domestic  water,  unless  a double 
walled  heat  exchanger  is  employed.  For 
space  heating  purposes  only,  inhibited 
ethylene  glycol  may  be  used,  if  there  is 
not  a possibility  of  cross  connections  or 
back  flow  into  the  household  plumbing 
system  or  building  supply.^ 

Propylene  glycol  is  quite  corrosive  to 
aluminum,  especially  in  the  presence  of 
either  copper  or  brass.  It  will  superficially 
attack  copper  but  the  attack  is  uniform  as 
opposed  to  concentrated  pitting. 

In  summary,  many  anti-freeze  solutions 
require  the  addition  of  inhibitors  and 
buffers  for  pH  and  corrosion  control.  In 
selecting  inhibitors  for  glycol  solutions, 
avoid  oxidizing  agents,  such  as  chro- 
mates, which  tend  to  promote  rapid 
degradation. 

Periodic  monitoring,  especially  of  pH, 
is  required,  with  eventual  solution  re- 
placement when  the  buffers  are  ex- 
pended. Mixed  metal  systems  should  be 
avoided  whenever  glycol  solutions  are 
used.  It  is  advisable  to  install  filters  to 
remove  solids  that  may  develop  in  the 
system. 

Draindown  systems  provide  protection 
from  freezing  by  draining  the  liquid  from 
areas  which  experience  freezing  temper- 
atures. When  draindown  systems  are 
used,  special  care  should  be  taken  in 
selecting  the  metals  used  in  the  system. 
Copper  collectors  and  piping  will  with- 
stand repeated  exposure  to  air  and  water 
without  difficulty.  Aluminum  and  steel  are 
much  less  resistant  to  the  corrosive  ef- 
fects of  alternating  exposure  to  water 
and  air. 

Collector  Cover  Glazing 

The  number  of  cover  plates  chosen 
depends  on  the  desired  collector  oper- 
ating temperature  and  performance. 
Although  additional  cover  layers 
reduce  heat  loss,  they  also  reduce  trans- 
mission of  solar  energy.  There  is  a point 
where  additional  glazing  actually  di- 

2 Local  regulations  must  be  observed. 


SOLAR  ENERGY 

MAXIMUM 

THICKNESS 

TRANSMISSION 

OPERATING 

MATERIAL 

(INCHES) 

(%) 

TEMP  (“F) 

Clear  Lime 

1/8 

85,0 

Float  Glass 

3/16 

81,0 

400 

1/4 

78.0 

Water  White 

1/8 

91,0 

Crystal  (Low  Iron) 

3/16 

90,5 

400 

Glass 

1/4 

90.0 

100%  Acrylic 

1/8 

89.0 

Colorless  Cast 

3/16 

87.0 

190 

Sheet 

1/4 

85.0 

Polycarbonate 

1/8 

81.0 

3/16 

78.0 

270 

1/4 

74.0 

Tedlar  Film 

0.004 

93.5 

227 

Filon  388 

0.060 

82.0 

(Flat)  548 

0.030 

86.0 

220 

608 

0.080 

77.0 

Teflon  Film 

0.002 

97.0 

400 

Mylar  Film 

0.001 

85.0 

220 

Kalwall  Sunlight  Regular 

0,025 

93.0 

140 

Kalwall  Sunlight  Premium 

0,040 

86.0 

140 

Lexan  Film 

0,005 

94.0 

270 

0.007 

93.0 

TABLE  3/SOLAR  COLLECTOR  COVER  MATERIALS 


FIGURE  31/ SPECTRAL  TRANSMITTANCE  OF  COVER  PLATE  MATERIALS 


INSULATION 


FIBERGLASS 

URETHANE 

EXTRUDED 

POLYSTYRENE  FOAM 

Heat  Loss 

Good 

Excellent 

Excellent 

Moisture 

Resistance 

Fair 

Excellent 

Excellent 

Volatile 

Outgassing 

Excellent 

Poor 

Fair 

Temperature 

Resistance 

Excellent 

Fair 

Poor 

Desirability 

Recommended 

Not  Recommended* 

Not  Recommended* 

’Not  recommended  for  high  temperature  application 


TABLE  4/COMPARISON  OF  INSULATING  MATERIAL  PROPERTIES 


minishes  collector  efficiency.  As  stated  in 
Section  2,  there  are  some  low-tem- 
perature applications  where  the  choice  of 
an  unglazed  collector  is  appropriate.  In 
most  cases,  however,  one  or  two  covers 
are  required.  A listing  of  cover  materials 
and  their  properties  is  shown  in  Table  3. 

When  using  glass  cover  plates,  tem- 
pered glass  with  ground  edges  should  be 
specified  and  the  manufacturers'  recom- 
mendations regarding  maximum  permis- 
sible spans  should  be  followed.  Low-iron- 
content  glass  offers  high  solar  energy 
transmittance,  as  well  as  resistance  to  re- 
verse transmission  of  long-wavelength 
radiation  from  the  absorber  plate.  Tem- 
pered glass  has  good  impact  resistance, 
and  is  stable  under  ultraviolet  and  high 
temperature  conditions. 

Cover-to-cover  and  cover-to-absorber 
plate  seals  must  be  tight,  otherwise,  dust, 
dirt  and  moisture  will  migrate  to  the 
collector  interior  through  breaks  caused 
by  thermal  movement.  If  two  glass  plates 
are  hermetically  sealed,  they  must  have 
the  same  physical  characteristics.  A 
3/32-inch-thick  glass  inner  plate,  for  ex- 
ample, should  not  be  used  with  a 3/16- 
inch-thick  tempered  cover  plate.  At  the 
high  temperatures  existing  during  normal 
collector  operation,  and  the  even  higher 
stagnation  temperatures  that  result  when 
•the  heat  transfer  fluid  stops  flowing,  sub- 
stantial internal  pressures  are  exerted  on 
the  glazing.  Thin  plastic  sheets  or  films, 
used  as  cover  plates  in  certain  applica- 
tions, afford  the  advantages  of  light 
weight,  relatively  low  cost,  and  increased 
fracture  resistance.  The  plastic  chosen 
should  have  proven  long-term  resistance 
to  ultraviolet  radiation  breakdown.  The 
durability  of  the  plastic  glazing  material 
should  also  be  evaluated  in  terms  of  re- 
sistance to  elevated  temperatures  and 
thermal  expansion  properties. 

Unlike  glass,  most  plastics  do  not  block 
the  reverse  transmission  of  long- 
wavelength  radiation  from  the  collector 
plate.  Figure  31  shows  the  transmittance 
afforded  by  cover  plate  materials  to  radi- 
ation of  various  wavelengths.  The  radia- 
tion in  the  solar  spectrum  (0.4  microns  to 
3.0  microns)  should  be  readily  transmit- 
ted. The  reradiation  of  long-wavelength 
infrared  (3.0  to  15  microns)  should  be 
blocked  in  order  to  retain  this  heat  within 
the  collector.  The  ability  of  cover  glazing 
to  perform  in  this  manner  is  important  in 
applications  where  high  temperature  col- 
lection is  required. 

Absorber  Plate  Insulation 

An  absorber  plate  may  reach  tempera- 
tures in  excess  of  200°F  regularly.  To  max- 
imize energy  collection  from  this  heated 
plate,  it  must  be  well  insulated. 


The  back  of  the  collector  is  typically  in- 
sulated with  a 3 to  4-inch  thick  fiberglass 
blanket.  The  use  of  cellular  plastics  for 
this  purpose  requires  special  considera- 
tion. Under  stagnant  conditions,  which 
occur  when  there  is  no  flow  of  heat 
transfer  fluid  through  the  collector,  the 
plate  can  reach  temperatures  approach- 
ing 400°F  Most  foamed  urethane  insula- 
tions currently  available  undergo  a per- 
manent volumetric  increase  at 
approximately  250°F  Consequently,  they 
can  seriously  distort  if  placed  in  direct 
contact  with  the  absorber  plate.  Further- 
more, foamed  insulations  are  typically 
"blown  " with  chlorinated  orfluorinated 
hydrocarbons  which  degrade  at  this  tem- 
perature, producing  hydrochloric  and  hy- 
drofluoric acids.  Both  end  products  are 
corrosive  to  all  metals. 

A related  problem  is  the  outgassing  of 
volatile  elements  from  the  insulation  or 
from  adhesives  or  wood  products  used  in 
conjunction  with  the  insulation.  These 
volatile  elements  can  condense  on  the 
inner  surface  of  the  glass  and  other  por- 
tions of  the  collector.  Polyurethane  foam, 
which  is  "blown"  with  carbon  dioxide,  is 
not  subject  to  the  outgassing  of  such  vol- 
atiles. It  may  offer  an  alternative  to  fiber- 
glass insulation,  when  not  subjected  to 
stagnation  temperatures. 

Insulation  materials  may  be  combined 
to  obtain  the  most  beneficial  aspects  of 
each.  For  example,  a layer  of  fiberglass 
between  the  collector  and  a foamed  plas- 
tic insulation  protects  the  latter  from  ther- 
mal damage.  Since  some  foamed  insula- 
tions have  higher  insulating  values  than 
fiberglass,  this  approach  has  merit.  Care 
must  be  taken  to  be  sure  that  tem- 
perature-sensitive insulation  is  ade- 
quately protected  from  the  high  tempera- 
tures which  will  occur  at  stagnation 
conditions. 


Table  4 compares  the  important  proper- 
ties of  three  insulating  materials:  fiberglass, 
foamed  urethane,  and  extruded  polystyrene 

Freeze  Protection 
and  Heat 
Transfer  Liquids 

In  climates  where  freezing  is  possible, 
protection  must  be  provided  to  prevent 
damage  to  the  collector.  Two  common 
ways  of  handling  this  problem  are: 

1 ) The  use  of  an  anti-freeze  solution 

2)  The  draining  of  the  fluid  from  the  col- 
lector array  when  temperatures  ap- 
proach freezing. 

The  basic  heat  transfer  fluid  used  in  liquid 
collectors  is  water.  When  other  agents 
such  as  anti-freeze  compounds  are  added, 
a solution  pFI  of  7.0  or  higher  should  be 
maintained. The  addition  of  any  substance 
to  water,  or  the  use  of  heat  transfer  oils, 
(some  of  which  have  been  developed 
for  solar  systems),  reduces  the  specific 
heat  and  requires  the  circulation  of  more 
fluid  in  order  to  remove  a given  amount 
of  heat  from  the  collector  plate  which 
may  require  the  use  of  a larger  pump. 

Due  to  the  cost  of  anti-freeze  agents,  it  is 
seldom  economical  to  treat  all  of  the  sys- 
tem water— including  that  in  the  storage 
tank.  Therefore,  a heat  exchanger  be- 
tween the  fluid  circulated  through  the  col- 
lector and  the  storage  tank  fluid  would  be 
required.  Any  heat  exchange  operation 
reduces  overall  system  efficiency. 

When  a draindown  method  of  freeze 
protection  is  used,  air  is  permitted  to 
enter  the  system  and  displace  the  water 
in  the  collector  loop.  The  water  drains 
into  the  storage  tank  (or  a separate  hold- 
ing tank)  in  a location  not  exposed  to 
freezing  temperatures.  In  some  systems, 
an  automatic  air  vent  and  an  air  solenoid 
valve  are  employed  to  permit  the  pas- 
sage of  air  into  and  out  of  the  system. 
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This  type  of  freeze  protection  is  shown  in 
Figure  19  on  page  14. 

In  atmospheric  systems,  which  do  not 
operate  at  an  imposed  pressure,  it  is 
often  possible  to  allow  the  draining  of  the 
water  in  the  collectors  and  the  piping  by 
the  method  shown  in  Figure  32  Because 
the  return  piping  from  the  collector  to  the 
storage  tank  terminates  above  the  water 
level  in  the  tank,  air  can  enter  the  piping 
through  the  vent  in  the  tank  lid.  This 
breaks  the  suction  at  the  high  point  of  the 
system  as  air  moves  up  the  return  pip- 
ing. It  is  advisable  to  over-size  the  return 
piping  slightly  to  facilitate  air  movement. 

This  method  of  freeze  protection  has 
been  successfully  employed  in  a number 
of  collector  installations.  To  insure  proper 
system  operation,  the  air  path  up  the  re- 
turn piping  must  be  unrestricted.  Each  in- 
stallation should  be  carefully  evaluated 
when  this  method  is  used.  All  the  piping 
must  be  pitched  to  dram  from  the  high 
point  of  the  system,  so  that  the  water 
flows  unimpeded  into  the  storage  tank. 
There  should  be  no  low  points  or  pockets 
to  trap  water  in  portions  of  the  piping  ex- 
posed to  freezing  temperatures.  This 
method  of  freeze  protection  is  illustrated 
in  the  solar  space  heating  section.  Fig- 
ures 24.  25, 28,  29  (pages  17,  18,  20,  21 ). 

Some  means  for  accommodating  the 
expansion  of  fluid  in  all  closed  piping 
loops  must  be  provided.  All  liquids  ex- 
pand when  heated.  Water,  for  example, 
expands  about  4°o  per  100°F  tem- 
perature rise. 

In  pressurized  systems,  such  as  do- 
mestic water  heating  systems,  excess 
pressures  due  to  expansion  are  normally 
provided  for  by  using  a pressure  relief 
valve  to  dram  excess  water  volume.  A 
pressurized  expansion  tank  or  accumuia- 
tor  is  appropriate  for  larger  systems.  In 


non-pressurized  systems,  expansion  is 
accommodated  by  oversizing  the  storage 
tank  and  venting  it  to  the  atmosphere. 

High  Temperature 
Protection 

Should  fluid  circulation  through  the  ab- 
sorber plate  stop  while  the  sun  is  shining, 
the  soiar  collector  can  reach  extremely 
high  "stagnation  temperatures."  For  a 
double-glass  collector  with  a fiat  black 
surface,  these  temperatures  reach  350°F 
to  400 °F.  Collectors  with  selective  sur- 
faces stagnate  at  even  higher  tempera- 
tures. The  collector  frame,  piping  con- 
nections and  insulation  must  be  able  to 
withstand  such  temperatures. 

Even  when  appropriate  materials  have 
been  used,  a system  must  be  protected 
against  the  thermal  shock  produced 
when  cold  fluid  is  pumped  into  a collector 
that  has  reached  stagnation  temperature. 
This  could  be  the  case  on  initial  system 
filling  and  start-up.  This  also  might  hap- 
pen should  a power  failure  prevent 
operation  of  the  circulating  pump.  If 
power  is  not  restored  until  after  an  hour 
or  two  of  subsequent  sunshine,  the  auto- 
matic restarting  of  the  pump  forces  cool 
fluid  through  the  collector  which  has 
reached  stagnation  temperatures.  The 
resulting  thermal  shock  can  cause  buck- 
ling of  the  absorber  plate  and  breakage 
of  the  glass  covers. 

Protection  against  thermal  shock  can 
be  provided  in  several  ways.  One  method 
uses  a temperature  sensor  on  the  back  of 
the  collector  plate  to  actuate  a cutout 
relay  in  the  power  supply  to  the  circulat- 
ing pump.  When  the  collector  plate 
reaches  a preselected  temperature, 
power  to  the  pump  is  cut  off  preventing 
circulation  of  the  collector  fluid.  An  alter- 
native means  employs  a timing  device 
that  prevents  automatic  restarting  of  the 


pump  in  the  event  of  a power  failure  last- 
ing more  than  a minute  or  two.  A third 
method  employs  a temperature  sensor  to 
prevent  pump  operation  when  a preset 
temperature  differential  exists  between 
the  collector  plate  and  the  circulating 
fluid.  The  third  method  is  generally 
more  expensive  than  the  two  previous, 
especially  for  residential  applications. 

Circulating  Pumps  and 
Controls 

Pumps  ordinarily  selected  for  residential 
and  small  commercial  solar  systems  are 
close-coupled,  in-line  or  base-mounted, 
centrifugal  types  with  mechanical  shaft 
seals  and  flexible  drive  couplings.  Pumps 
used  in  potable  water  systems  should  be 
bronze  bodied. 

The  designer  should  select  a pump 
which  has  the  proper  combination  of  flow 
rate  and  lift  characteristics  for  each  appli- 
cation. In  general,  the  pumps  for  solar 
collectors  should  be  chosen  to  provide 
approximately  one  to  three  gallons  of 
water  per  hour  per  square  foot  of  collec- 
tor surface  in  order  to  maintain  a reason- 
able temperature  differential  across  the 
collector  plate.  In  open  systems,  pumps 
must  have  sufficient  lifting  capacity  to 
raise  water  from  the  storage  tank  to  the 
top  of  the  collector  circuit.  For  such  sys- 
tems which  usually  have  a relatively  high 
lifting  requirement  and  low  flow  quanti- 
ties, two  small  pumps  connected  in  se- 
ries are  often  the  best  alternative.  In 
closed  systems,  the  pumps  are  needed 
only  to  overcome  friction  losses  through 
the  piping. 

The  pump  should  not  be  oversized  to 
the  point  where  its  typical  operating 
characteristics  are  at  a low  efficiency.  In 
most  small  solar  systems,  the  pumps  will 
not  exceed  1 /4  to  1 /3  horsepower  and 
may  be  as  small  as  1/6  to  1/20  horse- 
power in  closed  systems. 

When  centrifugal  pumps  are  used,  it  is 
essential  that  they  operate  with  a net 
positive  suction  head.  This  is  most  fre- 
quently accomplished  by  connecting  the 
pump  through  the  storage  tank  wall  below 
the  water  level  in  the  tank.  Then,  there  is 
always  a positive  head  of  water  in  the 
tank  above  the  pump.  If  the  pump  is  not 
installed  to  operate  with  a net  positive 
suction  head,  it  will  cavitate,  causing 
damage  to  the  pump. 

The  circulating  pump  in  the  collector 
loop  is  normally  started  and  stopped  by 
means  of  a differential  temperature  con- 
troller. This  controller  measures  the  col- 
lector temperature  and  the  storage  tank 
water  temperature.  When  the  collector 
temperature  is  higher  than  the  tank  water 
temperature,  by  a set  amount,  the  con- 
troller actuates  the  circulation  pump. 

When  the  collector  water  temperature 
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FIGURE  32/DRAINDOWN  SYSTEM  WITH  AIR  VENT 


approaches  the  tank  temperature,  the 
pump  is  turned  off.  This  differential  ther- 
mostatic control  assures  that  maximum 
heat  energy  is  retained  in  the  tank  under 
all  weather  conditions. 

Several  manufacturers  offer  a variety 
of  low-priced  differential  temperature 
controllers.  Options  are  available  to  set 
a maximum  storage  tank  temperature 
and  to  incorporate  various  freeze  protec- 
tion methods. 

Collector 

Installation 

Integration  of  collectors  with  the  roof 
structure  should  be  carefully  considered. 
The  construction  should  be  watertight  so 
that  no  leakage  occurs  into  the  collector 


or  through  the  roof. 

Collectors  should  be  permitted  to  ex- 
pand and  contract  freely.  Temperatures 
will  vary  considerably  in  different  sec- 
tions of  the  collectors  and  the  component 
parts  will  expand  and  contract  at  different 
rates.  High  temperature  sealing  (glazing) 
tapes  must  be  used  to  maintain  water- 
tight seals.  Silicone  tapes  and  caulking 
compounds  usually  have  excellent  high 
temperature  properties. 

External  sealants  should  be  used 
which  do  not  exhibit  “thermal  set"  or  a 
tendency  to  vulcanize  when  exposed  to 
cycling  temperatures.  Thermal  set  can  be 
a cause  of  leakage  problems  when  con- 
traction of  the  adjacent  materials  results 


from  cooling.  Maintenance  of  the  collec- 
tor should  be  considered  when  planning 
framing  details.  The  collector  should  be 
easily  removable  for  repairs  when 
necessary. 

When  a particular  collector  is  used,  the 
manufacturer's  recommended  installation 
details  should  be  followed  without  devia- 
tion. Neoprene  glazing  gaskets  or 
commercial  skylight  framing  systems  are 
sometimes  used.  The  manufacturer’s 
recommendations  for  these  products 
must  be  closely  followed  to  assure  a 
trouble-free  installation.  The  return  piping 
above  the  collector  outlet  should  be 
pitched  so  that  water  is  not  trapped  in 
the  piping. 


"he  “Sun/Tronic  House”  is  a prototype  solar  home  in  Greenwich,  Conn.,  conceived  and  built  by  Copper  Development 
Association  Inc.  The  active  and  passive  solar  energy  systems  provide  more  than  65%  of  the  home  s space  heating  and  domestic 

lot  water  needs. 
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SECTION  7 

DESIGN:  SUN-CHART  HAND  CALCULATIONS  ^ 


Sun-Chart  is  one  method  of  simplified 
solar  design.  Other  hand  and  computer 
methods  are  available  for  the  design 
and  sizing  of  solar  systems.  The  deci- 
sion to  use  a solar  system  is  that  of  the 
designer  or  installer  based  on  the  por- 
tion of  solar  contribution  desired.  This 
contribution  will  in  general  range  from 
50-80%  dependent  on  a number  of  fac- 
tors which  vary  based  on  climate,  build- 
ing type,  equipment  and  application. 
The  ultimate  decision  of  size  and  con- 
tribution of  a solar  system  will  normally 
be  based  on  installed  cost  and  pay- 
back period.  The  example  used  in  Sec- 
tion 7 to  carry  through  the  Sun-Chart 
calculations  is  not  intended  to  be  repre- 
sentative of  all  climates,  buildings, 
equipment,  and  applications.  We  are 
confident  that  the  CD  A Sun-Chart 
method  along  with  the  CD  A Solar 
Energy  Handbook  will  provide  the  solar 
community  with  a valuable  tool  for  the 
development  of  solar  energy. 


Design  Calculations 

Solar  design  engineering  normally  entails 
extensive  hand  calculations  or  computer 
analysis  to  optimize  system  performance 
and  cost.  However,  a simplified  approach 
that  permits  rapid  evaluation  of  heat 
loads  and  collector  area  has  been  devel- 
oped. The  CDA  Sun-Chart  Hand  Calcula- 
tions, for  determining  space  and  water 
heating  loads,  collector  performance  and 
recommended  collector  area,  are  de- 
scribed on  the  following  pages. 

This  approach  involves  certain  as- 
sumptions. In  the  majority  of  cases, 
these  assumptions  approximate  normal 
conditions  and  generate  results  similar  to 
those  achieved  by  more  extensive  analy- 
sis. For  most  cases,  results  from  these 
calculations  have  proved  to  be  equal  to, 
or  slightly  more  conservative  than,  those 
achieved  by  computer  analysis.  The  cal- 
culations are  based  on  an  average  day 
for  each  month.  In  actual  operation  there 
will  be  overcast  days  when  the  solar 
collector  may  not  operate,  or  very  cold 
days  when  the  requirements  for  heat  will 
be  higher.  Generally,  there  is  no  reason  to 
adjust  the  calculations  unless  an  unusual 
situation  exists.  If  the  conditions  on  a par- 
ticular application  differ  signficantly  from 
the  assumptions,  it  is  advisable  to  have 


the  calculations  checked  by  a profes- 
sional experienced  in  solar  system  design. 

Each  solar  energy  system  must  be 
engineered  to  meet  the  particular  circum- 
stance of  its  use.  The  Copper  Develop- 
ment Association  Inc.  assumes  no 
responsibility  or  liability  of  any  kind  in  con- 
nection with  the  calculations  or  system 
designs  set  forth  herein  or  their  use  by 
any  person  or  organization  and  makes  no 
representations  or  warranties  of  any  kind. 

Determining  End-Use 
Heat  Requirements 

Water  Heating.  The  amount  of  heat  re- 
quired to  produce  hot  water  depends 
on  the  number  of  gallons  consumed,  the 
Inlet  temperature  of  the  cold  water  supply 
and  the  desired  discharge  temperature  at 
the  fixtures.  Table  5 lists  average  monthly 
cold  water  supply  temperatures,  at  the 
sources,  for  14  cities  in  the  United  States. 
Deep  wells,  such  as  those  In  Miami, 
Albuquerque  and  Las  Vegas,  produce 
water  at  a relatively  constant  tem- 
perature that  Is  related  to  locally  pre- 
vailing deep  earth  temperatures.  Water 
from  shallow  wells,  lakes,  and  reservoirs 
varies  in  temperature  throughout  the  year 
as  the  result  of  changing  air  temperatures. 
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TABLE  5/SOURCE  AND  MONTHLY  TEMPERATURE  IN  °F  AT  THAT  SOURCE 
FOR  COLD  WATER  SUPPLY  IN  14  CITIES 


GALLONS  PER  DAY  TOTAL 

FIGURE  33/ENERGY  REQUIREMENTS  FOR  WATER  HEATING/BASED  ON  135°F 
D.H.W.  SUPPLY  TEMPERATURE 


Contact  local  water  suppliers  for 
accurate  information  on  average  water 
temperatures. 

Hot  water  consumption  is  the  major 
factor  influencing  annual  heat  require- 
ments. It  requires  8.33  Btu  to  raise  one 
gallon  of  water  1°F  If  one  gallon  of  water 
is  heated  from  35°F  to  135°F,  833  Btu 
are  required.  This  is  equal  to  the  energy 
consumed  by  a 60  watt  light  bulb  burning 
for  over  four  hours. 

Authorities^  differ  in  their  estimates  for 
hot  water  consumption,  with  a range  of 
50-120  gallons  per  day  for  a family  of  four, 
including  appliance  usage.  Typically,  a 
family  of  four  has  been  found  to  consume 
60-90  gallons  of  hot  water  daily.  How- 
ever, the  total  consumption  of  hot  water 


depends  primarily  on  the  individual’s 
habits  and  upon  the  characteristics  of  the 
plumbing  fixtures  or  appliances  used. 
Figure  33  has  been  developed  to  deter- 
mine the  heating  requirement  for  different 
levels  of  hot  water  consumption  based 
on  either  the  number  of  people  served,  or 
the  anticipated  consumption  in  gallons 
per  day. 

Table  6 lists  the  heat  required  month- 
by-month  to  provide  135°F  hot  water  for  a 
family  of  four  living  in  Nashville,  Tennes- 
see, using  a dishwasher  and  clothes  wash- 
er. It  may  prove  advantageous  to  plot 
a graph  of  the  data  obtained  from  Figure 
33,  as  a means  of  spotting  mathematical 
errors.  Figure  34  is  a graph  constructed 
from  the  data  in  Table  6.  The  graph  should 


Example:  Eamily  of  Eour- 
Nashville,  Tennessee 
Eligh  Consumption- 
91  Gallons/Day 


MONTH 

COLD 

WATER 

TEMP. 

HEAT 

REQUIREMENTS 

(BTU/DAY) 

January 

46 

67,500 

Eebruary 

46 

67,500 

March 

53 

62,200 

April 

63 

54,600 

May 

66 

52,300 

June 

69 

50,000 

July 

71 

48,500 

August 

75 

45,500 

September 

75 

45,500 

October 

71 

48,500 

November 

58 

58,400 

December 

53 

62,200 

TABLE  6/DOMESTIC  HOT  WATER 
HEAT  REQUIREMENTS 


curve  smoothly.  A sharp  deviation  in  any 
month  isacluethat  an  errorexists. 

Space  Heating.  When  heating  load 
calculations  are  made  for  a conventional 
heating  system,  the  custom  is  to  first 
determine  the  highest  rate  of  heat  loss 
anticipated  for  the  building.  The  com- 
puted amount  is  then  increased  by  some 
percentage  (“safety  factor”)  to  cover 
unforeseen  circumstances.  The  adjusted 
figure  is  used  as  the  basis  for  equipment 
selection. 

This  practice  often  leads  to  the  installa- 
tion of  oversized  space  heating  systems 
that  operate  less  efficiently  and  thus 
consume  more  energy.  Heating  equip- 
ment, particularly  fossil-fuel  equipment, 
usually  delivers  its  design  efficiency  only 
at  full  capacity.  Below  this,  efficiency  falls 
off.  Oil  and  gas  furnaces  are  often 
designed  to  an  efficiency  of  about  75  per- 
cent at  full  load.  Yet,  when  installed  in  a 
building,  these  furnaces  may  attain  a sea- 
sonal efficiency  of  only  50  percent  or  less. 

In  contrast,  solar  systems  are  designed 
to  handle  only  a portion  of  the  highest 
anticipated  heat  loss.  The  designer,  there- 
fore, is  more  concerned  with  the  aver- 
age heating  load  per  day.  A solar  system 
sized  to  handle  average  rather  than  peak 
loads  requires  supplementary  heat  input 
on  the  coldest  days.  The  system  will 
operate  near  its  full  rated  output  much  of 
the  time.  Therefore,  its  overall  seasonal 
efficiency  should  be  higher. 


' a)  Study  of  Energy  Savings  Options  for  Refrigerators  & 
Water  Heaters.  Little  (Arthur  □.)  inc.,  Cambridge, 
Massachusetts,  1977. 

b)  Patterns  of  Energy  Consumption  in  the  United  States, 
Office  of  Science  & Technology.  Executive  Office  of  the 
President.  1972. 
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Eligibility  Criteria.  The  use  of  solar 
energy  to  provide  space  heating  for  a 
building  should  not  be  considered  unless 
the  building  is  energy  conserving.  To 
attemptto  solar  heat  a building  that  is  poor- 
ly designed  from  an  energy  standpoint 
is  a waste  of  money.  The  investment  for  a 
solarenergysystem  might  be  betterspent 
on  energy  conservation  featuresto  reduce 
the  building’s  heating  requirements. 

Many  things  contribute  to  the  energy 
requirements  of  a building,  including  pro- 
portion, orientation  (especially  of  large 
glass  areas),  exterior  color,  and  the  type 
of  shell  construction.  Construction  fea- 
tures which  exert  the  greatest  impact  on 
energy  conservation  and  are  accounted 
for  in  design  calculations  are  insulating 
glass  or  storm  windows,  control  of  the 
infiltration  of  outside  air  through  joints 
between  materials,  and  the  type  and 
amount  of  wall  and  roof  Insulation. 

Extreme  care  should  be  exercised 
in  selecting  the  wall  and  roof  insulation 
materials.  Cellulosic  fiber  insulating 
materials  containing  ammonium  sulfate 
as  a fire  retardant  should  not  be  used  in 
contact  with  copper  or  other  metals. 

The  ammonium  sulfate  may  leach  from 
the  insulation  and  cause  serious  corro- 
sion damage  to  piping,  electrical  and 
similar  metal  components. 

Heat  loss,  measured  in  Btu  per  square 
foot  per  degree  day,  is  a major  criterion  in 
judging  whether  or  not  a building  is  suited 
for  solar  space  heating.  In  general,  a 
solar  system  should  be  considered  for  a 
residence  only  when  the  space  heating 
demand  has  been  limited  to  approxi- 
mately 8 Btu  per  square  foot  per  degree 
day  or  less. 


To  apply  this  criterion  to  a building 
which  is  being  considered  for  solar  heat- 
ing, calculate  the  building’s  energy 
requirements  under  peak  design  condi- 
tions. This  calculation  determines  the 
heat  required  when  the  outdoor  tempera- 
ture is  at  the  design  point,  and  is  normally 
done  by  the  designer  for  the  purpose  of 
sizing  conventional  heating  equipment. 

The  design  point  temperature  is  based  on 
hourly  average  temperatures  for  each 
hour  of  a total  year.  The  average  hourly 
temperatures  will  be  above  the  design 
point  temperature  97y2  percent  of  the 
year.  In  Nashville,  Tennessee,  for  exam- 
ple, the  heating  design  point  temperature 
is  17°F  Heat  loss  calculation  methods  are 
well  documented  in  existing  texts  and  are 
not  repeated  here. 

To  determine  the  average  heating  re- 
quirements, instead  of  the  peak  heating 
requirements,  the  concept  of  degree  days 
is  used.  A degree  day  is  a standard  used 
to  measure  the  heating  season’s  severity. 
The  number  of  degree  days  in  a calendar 
day  is  determined  by  subtracting  the 
day’s  mean  temperature  from  65°F  If  the 
mean  temperature  on  a given  day  is  50°li 
subtracting  50°F  from  65°F  yields  15 
degree  days  for  that  calendar  day.  By  add- 
ing the  number  of  degree  days  in  each 
day,  the  average  monthly  conditions  are 
identified.  The  average  monthly  and  year- 
ly degree  days  for  cities  in  the  United  States 
and  Canada  are  listed  in  Appendix  A. 

Sample  Calculations.  An  example 
may  help  to  illustrate  how  the  heat  loss  Is 
calculated  to  determine  solar  system 
feasibility.^  Consider  a home  in  Nashville, 
Tennessee,  which  loses  30,000  Btu 
per  hour,  when  the  outdoor  temperature 


is  17°F  If  this  temperature  exists  for  a 
24-hour  period,  the  building  heating  de- 
mand is30,000  x24=720,000  Btu.  Since 
the  design  point  temperature  is  17°F.,  (48 
degree  days  per  day),  the  house  requires 
a net  heat  input  of  15,000  Btu  per  degree 
day  as  shown  below: 

30,000  Btu/hr.  x 24  hours  _ 15,000 
(65°F  Degree  Day  Base— 17°F  Btu/DD 

Design  Point  Temperature) 

If  the  home’s  floor  area  is  2,000  square 
feet,  the  required  heat  input  is  7.5  Btu  per 
square  foot  per  degree  day.  Since  this  is 
less  than  the  criterion  of  8 Btu  per  square 
foot  per  degree  day,  the  house  is  a good 
candidate  for  solar  space  heating . 

In  actual  practice,  most  homes  experi- 
ence an  annual  heating  requirement 
which  is  somewhat  less  than  that  obtained 
by  the  above  calculation  method.  The 
reason  for  this  difference  is  that  the  design 
heating  load  does  not  account  for  heat 
gain  from  other  sources  such  as  people, 
lights,  and  cooking.  Also,  the  house  itself 
acts  as  a solar  collector  to  some  extent. 
The  exterior  surfaces,  particularly  win- 
dows, absorb  or  admit  some  of  the  inci- 
dent solar  energy.  In  the  heating  season, 
these  heat  gains  lowerthe  building 
heating  demand.  Since  they  are  not 
always  present,  they  are  not  included  in 
the  peak  heat  load  calculation.  They  are, 
however,  accounted  for  when  the  modi- 
fied degree  day  procedure  is  used  to  cal- 
culate heating  requirements  on  average 
days.  This  is  done  by  using  a “Degree 
Day  Adjustment  Factor”. 

The  adjustment  factor  is  used  to  calcu- 
late average  monthly  requirements  from 
the  peak  design  load  information.  For 
example,  after  determining  the  number  of 
Btu  per  square  foot  per  degree  day,  the 
building  heating  requirement  can  be  cal- 
culated by  obtaining  the  figure  for  monthly 
degree  days  from  the  Appendix.  Dividing 
this  figure  by  the  number  of  days  in  the 
month  gives  the  average  degree  days  per 
day  for  that  month.  The  building’s  aver- 
age heating  requirement  per  day  for  each 
month  is  then  determined  by  multiplying 
the  average  number  of  degree  days  by  the 
Btu  per  square  foot  per  degree  day,  the 
total  floor  area  in  square  feet  and  the  ad- 
justment factor.  The  adjustment  factor  is 
obtained  from  Figure  35,  which  compares 
the  outside  design  temperature  with  the 
degree  day  adjustment  factor.  In  this  ex- 
ample, since  the  outside  design  lempera- 
ture  in  Nashville  is  17°F,  the  adjustment 
factor  is  0.86. 

^The  method  outlined  is  based  on  the  “Modified  Degree 
Day  Procedure."  “ASHRAE  Handbook  and  Product  Direc- 
tory, 1976  Systems",  American  Society  of  Heating,  Re- 
frigeration and  Air  Conditioning  Engineers,  Inc.,  New  York 
N.Y,  1976. 


The  outside  design  point  temperature  is  based  on 
hourly  average  temperatures  for  each  hour  of  a 
total  year.  The  average  hourly  temperatures  will 
be  above  the  design  point  temperature  9772 
percent  of  the  year. 

FIGURE  35/HEAT  LOSS  VS.  DEGREE 
DAYS  INTERIM  ADJUSTMENT 
FACTOR! 


TOTAL  HEATING  REQUIREMENT 


— SPACE  HEATING  REQUIREMENT 

— — WATER  HEATING  REQUIREMENT 


FIGURE  36/TOTAL  HEATING  REQUIREMENTS  GRAPH 


For  January,  the  calculation  is  as  follows: 

January— NASHVILLE,  TENN. 

778  Degree  Days/Month  _ 25  Degree 
31  Days/Month  Days/Day 

Average  Heat  Requirement  (Btu/Day)  = 
25  DD/Dayx7.5  Btu/Sq.  Ft./DD 
x2000  Sq.  Ft.  xO.86  Adjustment  Factor 
= 322,500  Btu/Day 


This  calculation  is  repeated  for  each 
month  of  the  heating  season,  and  the 
results  should  be  tabulated  as  in  Table  7. 

These  space  heating  monthly  figures 
can  be  added  to  the  monthly  figures  for 
domestic  water  heating  in  Table  6 to 
obtain  total  heating  requirement.  The 
three  curves  plotted  on  the  graph  in  Fig- 
ure 36  then  represent  hot  water,  space 


Example:  Nashville,  Tennesse 


Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


(BTU/Day) 

322,500 

296,700 

213,000 

81,270 

16,650 

0 

0 

0 

12,900 

65,750 

212,850 

304,600 


TABLE  7/SPACE  HEATING 
REQUIREMENTS 


FIGURE  37/SEASONAL  EFFICIENCY 
OF  A FURNACE  WITH  A RATED  FULL 
LOAD  EFFICIENCY  OF  75%* 


heating,  and  total  heating  requirements. 

Heat  Required  Vs.  Energy  Con- 
sumed. Ifthe  monthly  heating  require- 
ments are  supplied  by  a fossil  fueled 
furnace  or  boiler,  the  energy  consumed  is 
greater  than  the  total  heating  requirement 
because  of  the  inefficiency  of  combustion. 

For  example,  ifthe  home  in  Nashville, 
which  requires  30,000  Btu/hr.  for  space 
heating  at  peak  design  conditions,  has  a 
furnace  rated  at  36,000  Btu/hr.,  the  fur- 
nace is  oversized  by  20  percent.  As 
shown  in  Figure  37  this  means  that  the 
seasonal  efficiency  of  the  furnace  is 
about  48  percent. 

In  January,  then,  when  322,500 
Btu/day  are  required,  it  will  take  671,875 
Btu/day  of  some  type  of  fossil  fuel  to  sup- 
ply this  load.  (322,500  Btu/day  -r  0.48) 

If  fuel  oil  is  used,  which  has  a rated  value 
of  140,000  Btu/gallon,  4.8  gallons  are 
consumed  per  day  to  supply  the  average 
load.  If  a solar  system  could  deliver  50 
percent  (161,250  Btu)  of  the  average  daily 
space  heating  requirement  in  January,  it 
would  supply  the  equivalent  of  335,938 
Btu  of  fuel  oil  energy. 


•“ASHRAE  Handbook  & Product  Directory,  1976 
Systems,"  ASHRAE,  Inc.,  New  York,  N.Y.,  1976. 
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JOB:  COLLECTOR  TYPE: 

LOCATION:  COLLECTOR  TILT: 

LATITUDE:  APPLICATION: 

C 

0 

E 

G 

H 

J 

K 

L 

RESULT 

COLLECTOR 
HEAT  GAIN 
FACTOR 
(TABLE  8) 
OR  MFCS 
LIT 

COLLECTOR 
HEAT  LOSS 
FACTOR 
(TABLE  8) 

OR  MEGS 
LIT 

AVERAGE 

DAYTIME 

AIR 

TEMPERA 

TURE’F 

HORIZONTAL 
SOLAR 
ENERGY 
(FROM 
TABLES) 
APPENDIX  B 

COLLECTOR 
TILT  FACTOR 
(FROM  TABLE 
APPENDIX  C 

INCIDENT 

ENERGY 

F = 0 X E 

COLLECTOR 
INLET 
TEMPERA- 
TURE 
{TABLE  9) 

°F 

H = 

COLUMN G- 
COLUMNC 
»F 

L IS 

FOUND  FROM 
FIGURE  40 
USING  K' 

TOTAL 
ENERGY 
COLLECTED 
= FxL 
BTU/SQ. 

FT /DAY 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

FIGURE  38/  THE  CDA  SUN-CHART  WORKSHEET 


Computing 
Collector  Output 

The  CDA  Sun-Chart  Hand  Calcu- 
lations is  an  easy  method  to  use  to 
calculate  the  solar  energy  obtainable 
from  collectors  in  residential  space 
heating  and  domestic  water  heating 
applications.  Normally,  solar  heat  calcula- 
tions use  sophisticated  computer  analy- 
sis. Such  analysis  is  required  for  large- 
scale  solar  energy  applications,  particu- 
larly those  involving  cooling,  where  it  is 
important  to  determine  the  heat  that  can 
be  collected  on  an  hour-by-hour  basis. 

For  small-scale  systems,  however,  this 
simplified  method  provides  results  which 
'closely  approximate  those  achieved  by 
computer  analysis.  Heat  pump  systems  in 
which  the  solar  system  and  the  heat  pump 
are  not  directly  linked,  such  as  that  shown 
in  Figure  28,  can  also  be  analyzed  rea- 
sonably well  by  this  procedure.^  More 
sophisticated  analysis  methods  are 
required  for  applications  which  use  a heat 
pump  to  extract  energy  from  a solar 
storage  container. 

The  simplification  is  accomplished  by 
making  the  following  assumptions  about 
the  solar  system  characteristics: 

(1)  The  collector  orientation  is  within  15 
degrees  of  due  South.  For  applica- 
tions which  differ  significantly  from 
this  assumption,  adjustments  can  be 
made  by  using  the  orientation  graph 
in  Figure  13  on  p.  9 of  this  manual. 

(2)  Collectors  with  circulating  liquids  are 
used  to  carry  collected  energy  to 
storage  or  load. 

(3)  Water  storage  capacity  ranges  from 

1 V2  to  2 gallons  per  square  foot  of  col- 
lector array. 

The  CDA  Sun-Chart  Hand  Calculations 
for  determining  collector  heat  production 
are  best  explained  by  referring  to  a tabu- 
lation chart.  Figure  38,  devised  to  guide 
and  facilitate  the  computation  proce- 
dures. The  designer  begins  by  entering  in 
the  first  five  columns  (A  through  E)  avail- 
able data  concerning  the  application.  He 
then  performs  six  mathematical  opera- 
tions using  these  basic  data  and  enters 
the  results  in  columns  F through  L.  A final 
multiplication  yields  dataforthe  “Result" 
column;  i.e.,  the  average  dally  heat  pro- 
duced during  each  of  the  12  months  by 
one  square  foot  of  collector  at  a given  tilt 
angle,  operating  at  a specific  temperature 
and  installed  in  a particular  locality.  All  of 
the  computations  are  basic  mathematical 
functions  easily  performed  on  a pocket 
calculator,  or  by  hand. 

In  order  to  fully  appreciate  the  logic 
process  shown  in  the  design  chart,  the 
user  should  understand  the  significance 
of  each  column.  The  following  explana- 
tory notes  may  be  helpful. 


Data  Input 

(Columns  AThrough  E) 

Column  A is  the  collector  heat  gain  fac- 
tor. Each  type  of  collector  has  a charac- 
teristic ability  to  absorb  solar  energy.  This 
ability  is  determined,  in  part,  by  the  quality 
of  the  glass  and  the  absorptivity  of  the 
blackened  absorber  plate  surface.  Table  8 
p.  33  lists  the  collector  heat  gain  factors 


^For  greater  accuracy,  use  the  bin  data  procedure,  as 
shown  in  the  "ASHRAE  Handbook  and  Product  Directory. 
1976  Systems",  Chapter  43,  ASHRAE,  Inc.,  New  York, 
N.Y.  1976. 


for  four  representative  types  of  copper  flat 
plate  solar  collectors. 

For  specific  flat  plate  solar  collectors, 
this  factor  Is  determined  from  a perform- 
ance graph  as  shown  in  Figure  39."*  A 
graph  for  any  collector  can  be  obtained 
from  the  manufacturer.  The  collector  heat 
gain  factor  is  the  point  at  which  the  sloped 
line  intersects  the  vertical  axis  of  the  graph 


“■The  graph  should  be  the  results  of  a test  of  collector  pro- 
duction  conducted  in  accordance  with  ASHRAE  Standard 
93-77  (ANSI  B198.1  -1977)  "Methods  of  Testing  to  Deter- 
mine the  Thermal  Performance  of  Solar  Collectors”, 
.ASHRAE,  Inc..  New  York,  N.Y.  1977  or  a similar 
recognized  standard. 


THE  POINT  OF  INTERSECTION  WITH 
THE  VERTICAL  AXIS  IS  IHE  COLLECTOR  i 
HEAT  GAIN  FACTOR  (COimU  A) 

THE  SLOPE  OFTHE  LINE  IS  THE 
COUECTOR  HEAT  LOSS  FACTOR 
(COLUMN  B)  WHICH  CAN  BE  FOUND 
BY  DIVIDING  THE  POINT  OF  INTERSECTION 
WITH  THE  VERTICAL  AXIS  BY  THE  POINT 
OF  INTERSECTION  WITH  THE  HORIZONTAL 
AXIS. 


.2  .3  .4  .5  .6  .7 

TEMPERATURE  DIFFERENCE=  Ti  -Ta 


1.1  1.2 


INCIDENT  RADIATION  INSOLATION  BTU/SQ.  FT./HR. 


FIGURE  39/COLLECTOR  PERFORMANCE  CHARACTERISTICS/TYPICAL 
VALUES— COPPER  FLAT  PLATE  COLLECTORS 


A B 

COLLECTOR  Heat  Gain  Heat  Loss 

DESCRIPTION  Factor  Factor 


1 Cover  Plate 
Copper  Absorber 

with  Flat  Black  Surface  .78  1.35 


2 Cover  Plates 
Copper  Absorber 

with  Flat  Black  Surface  .72  .90 


1 Cover  Plate 
Copper  Absorber 

Selective  Surface  .76  .85 


2 Cover  Plates 
Copper  Absorber 

Selective  Surface  ,70  .65 


TABLE  8/COLLECTOR  DESIGN 
SAMPLE  VALUES 


Combined 
Space  Heating 
and  Domestic 
Water  Heating 

Domestic  Water 

Heating  Only  (Add  to 

Cold  Water  Supply 
Temperature) 

January 

100° 

CWS  -F  20° 

February 

115° 

CWS  + 35° 

March 

O 

o 

CWS  -F  60° 

April 

155° 

CWS  -F  75° 

May 

165° 

CWS  -F  85° 

June 

175° 

CWS  -F  95° 

July 

o 

O 

CO 

CWS  +100° 

August 

CD 

o 

o 

CWS  +100° 

September 

175° 

CWS  + 95° 

October 

150° 

CWS  + 70° 

November 

130° 

CWS  + 50° 

December 

0 

LO 

o 

CWS  + 30° 

TABLE  9/COLLECTOR  INLET 
TEMPERATURES  (COLUMN  G) 


Column  B is  the  collector  heat  loss  fac- 
tor. When  collectors  absorb  solar  energy, 
they  tend  to  yield  back  the  heat  gained  to 
the  surrounding  air.  To  achieve  good 
operating  efficiency,  this  heat  loss  should 
be  minimized  by  insulation  and  other 
techniques.  Table  8 lists  the  collector  heat 
loss  factors  for  four  types  of  flat  plate 
solar  collectors.  For  other  types,  this 
value  can  be  obtained  from  manufac- 
turers’ data  as  shown  in  Figure  39.  The 
collector  heat  loss  factor  is  equal  to  the 
slope  of  the  line.  The  slope  value  is  deter- 
mined by  dividing  the  point  at  which  the 
sloping  line  intersects  the  vertical  axis  by 
the  point  at  which  it  intersects  the  hori- 
zontal axis.  Both  collector  heat  gain  fac- 
tors and  heat  loss  factors  are  a function  of 
each  particular  collector  and  remain  the 
same  in  each  of  the  12  months. 

Column  C is  the  average  airtempera- 
ture.  Ideally,  this  temperature  should  be 
the  daytime  average  air  temperature,  but 
this  data  is  often  not  available.  Average 
full  day  air  temperature  for  each  month  is 
usually  available  from  a local  weather 
station.  The  daytime  average  air  tempera- 
ture can  be  found  by  adjusting  the  aver- 
age full  day  temperature.  This  is  done  by 
adding  a value  equal  to  1 13  of  the  daily  tem- 
perature range  (usually  15°-20°F)  to  the 
average  full  day  temperature. 

Column  D is  the  horizontal  solar 
energy.  This  is  the  amount  of  solar  energy 
received  by  a horizontal  surface  on  an 
average  day  in  each  month.  The  informa- 
tion is  given  in  the  insolation  tables, 
Appendix  B , expressed  in  Btu  per 
square  foot  per  day.  Find  the  city  nearest 
the  location  for  which  the  calculation 
is  being  done. 

Column  E is  the  collector  tilt  factor.  A 
surface  inclined  toward  the  sun  receives 
an  amount  of  energy  in  each  month  of  the 
year  that  differs  from  the  radiation  inci- 
dent on  a horizontal  surface.  The  collec- 
tortilt  factor  is  a multiplier  used  to  adjust 
the  incident  horizontal  solar  energy  to 
obtain  the  amount  received  by  a tilted  col- 
lector. Appendix  C gives  the  collector  tilt 
factors  based  on  collector  tilt  angles  at 
various  latitudes  for  each  month  of  the 
year.5 

To  determine  the  proper  tilt  factor, 
determine  the  “%  Diffuse  Radiation”  from 
the  same  table  and  location  from  which 
the  “Florizontal  Solar  Energy”  was  deter- 
mined. Use  this  “%  Diffuse”  figure  to 
select  the  proper  tilt  factor  table. 

For  example,  in  January,  Nashville, 
Tennessee  has  a % diffuse  factor  of  65%. 
The  latitude  of  Nashville  is  36°  North.  If  a 
collector  tilt  (angle  to  horizontal)  of  51  ° 

^These  collector  tilt  factors  were  generated  by  the  basic 
procedure  described  in  the  publication,  Applications  of 
Solar  Energy  for  Heating  and  Cooling  of  Buildings", 

ASHRAE.  INC.,  New  York.  N.Y.  1977.  Minor  modifications 
to  this  procedure  were  made  for  the  purpose  of  this 
calculation. 


(latitude  -I-  15°)  is  desired,  we  must  inter- 
polate between  both  the  positions  of  lati- 
tude and  the  tables  for  % diffuse.  First 
interpolate  for  latitude  on  each  of  the  two 
applicable  % diffuse  charts  (60%  and 
80%).  On  the  60%  chart,  we  interpolate 
between  the  January  factor  for  a collector 
tilt  of  latitude  -f  15°,  for  32°  latitude  (1.37) 
and  for  40°  latitude  (1.60).  Since  the  lati- 
tude of  the  site  (36°)  is  midway  between, 
the  result  is  1.485  (say  1.49).  Similarly,  for 
the  80%  chart,  the  result  is  1.28.  Since  the 
% diffuse  for  Nashville  in  January  is  65%, 
an  interpolation  between  1.49  and  1.28 
yields  a tilt  factor  of  1.4375  (say  1.44). 
Therefore,  1.44  should  be  inserted  in  Col- 
umn E for  January. 


(Columns  FThrough  L) 

Column  F is  obtained  by  multiplying  the 
quantities  from  Columns  D and  E.  The 
result  is  the  amount  of  solar  energy  inci- 
dent on  a tilted  surface.  This  is  not  the 
amount  actually  collected,  but  the  total 
amount  that  reached  the  outer  glazing 
of  the  collector. 

Column  G is  the  assumed  collector 
inlet  temperature.  In  reality,  the  inlet  tem- 
perature which  the  collector  experiences 
varies  throughout  the  day,  depending 
upon  the  heating  load  and  the  available 
solar  energy.  These  values,  which  are 
obtained  from  Table  9,  were  developed 
for  these  calculations  only,  and  are  dif- 
ferent for  each  month. 

Column  H is  the  temperature  differ- 
ence between  the  collector  inlet  and  the 
ambient  air.  It  is  obtained  by  subtracting 
Column  C from  Column  G. 

Column  J is  obtained  by  dividing  Col- 
umn B by  Column  A and  multiplying  the 
result  by  2 times  the  quantity  from  Col- 
umn FI.  This  yields  the  “critical  intensity” 
for  a specific  collector  in  a given  location 
operating  at  a specific  temperature.  Criti- 
cal intensity  is  indicative  of  the  length  of 
the  time  period  in  each  day  during  which 
the  collector  produces  energy.  It  is  not 
necessary  to  know  the  actual  period  of 
collector  operation. 

Column  K is  obtained  by  dividing  the 
result  from  Column  J by  the  quantity  from 
Column  F.  This  is  a continuation  of  the 
previous  step,  involving  the  critical  inten- 
sity and  the  period  of  collector  operation. 

Column  L is  obtained  by  using  Figure 
40,  Collectable  Energy  Graph,  and  the 
quantity  obtained  in  Column  K.  The  result 
is  achieved  by  finding  the  point  on  the 
K axis  which  corresponds  to  the  answer 
from  the  previous  step,  and  moving  to 
intersect  the  curved  line  which  is  a turning 
point  from  which  the  line  is  continued  to 
intersect  the  Laxis. 


Output  Data 

Result  Column.  The  final  result  is  the 
amount  of  heat  collected  in  Btu  per  square 
foot  per  day.  It  is  obtained  by  multiplying 
the  values  from  Columns  F and  L.  This  is 
the  energy  collected  on  an  average 
day  in  a particular  month.  No  further 
adjustments  are  required. 

Collector  Sizing.  Once  the  rate  of 
energy  output  from  the  collector  has  been 
determined,  the  designer  can  proceed  to 
find  the  collector  area  needed  for  a spe- 
cific application.  As  previously  indicated, 
it  is  normally  not  economically  practicable 
to  size  solar  systems  to  handle  100  per- 
cent of  the  heating  requirements.  Gener- 
ally, a domestic  water  heating  system  is 
sized  to  supply  70-80  percent  of  annual 
heating  requirements.  In  a space  heating 
system  or  combined  space  and  water 
heating  system,  sizing  is  aimed  at  using 


Computation 

Section 
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solar  energy  for  60-70  percent  of  the 
annual  heating  requirements.  As  a rule, 
the  designer  achieves  these  percentages 
of  overall  annual  load  when  the  system  is 
sized  to  supply  100%  of  the  heat  required 
during  May  for  water  heating  ordering 
March  for  space  heating. 

To  make  a preliminary  estimate  of  col- 
lector area  for  a domestic  water  heating 


system,  the  designer  refers  back  to  the 
month-by-month  water  heating  require- 
ments tabulated  and  plotted  in  Table  6 
and  Figure  34.  The  heating  require- 
ment for  May  (52,300  Btu)  is  divided 
by  the  collector  output  rate  calculated 
for  that  month.  The  collector  area  deter- 
mined will,  in  theory,  provide  100  percent 
of  the  May  heat  requirement. 


FIGURE  40/COLLECTABLE  ENERGY  GRAPH  (SEE  “Column  L,’  p.  33) 


’ TOTAL  SPACE  ^USABLE  COLLECTOR  PRODUCTION  FOR 

& DWH  HEAT  VARIOUS  COLLECTOR  AREAS  (BTU/DAY) 

REQUIRED 


(BTU/DAY) 

500  SQ.FT. 

400  SQ.FT. 

350  SQ.FT, 

January 

390,000 

181,500 

145,200 

127,050 

February 

364,200 

252,500 

202,000 

176,750 

March 

275,200 

272,000 

217,600 

190,400 

April 

135,870 

(135,870)° 

(135,870) 

(135,870) 

May 

68,950 

( 68,950) 

( 68,950) 

( 68,950) 

June 

50,000 

( 50,000) 

( 50,000) 

( 50,000) 

July 

48,500 

( 48,500) 

( 48,500) 

( 48,500) 

August 

45,500 

( 45,500) 

( 45,500) 

( 45,500) 

September 

58,400 

( 58,400) 

( 58,400) 

( 58,400) 

October 

114,250 

(114,250) 

(114,250) 

(114,250) 

November 

271,250 

(271,250) 

223,200 

195,300 

December 

366,800 

217,000 

173,600 

151,900 

2,188,920 

1,715,720 

1,483,070 

1,362,870 

Percent  of  Annual  Load 

Supplied  by  Solar 

78% 

68% 

62% 

' Sum  of  Tables  6 and  7. 

* Products  of  energy  collected  (BTU/sq.  ft./day)  x collector  area. 

» Numbers  In  parentheses  are  the  useful  solar  energy,  when  the  calculated  production  Is  greater  than  the  requirement. 

TABLE  10/ANNUAL  HEAT  REQUIREMENTS  AND  CALCULATED 
SOLAR  COLLECTOR  PRODUCTION 


The  collector  area  obtained  should 
be  considered  preliminary.  Next,  the 
designer  determines  the  percentage  of 
the  annual  hot  water  heating  require- 
ment actually  met  by  solar  energy.  For  this 
test,  the  estimated  collector  area  is  multi- 
plied, in  turn,  by  the  collector  heat  produc- 
tion figure  for  each  of  the  11  remaining 
months.  Add  the  heat  produced  each 
month  by  the  collector  area  selected  and 
compare  the  total  with  the  12  months’ 
sum  of  heating  requirements.  (For  each 
month  in  which  the  solar  collector  pro- 
duces more  than  100  percent  of  the  heat- 
ing requirement,  only  that  portion  actually 
used  is  included  in  the  collector  produc- 
tion total.)  The  result  is  that  fraction  of  the 
total  annual  hot  water  heating  require- 
ment met  by  solar  energy.  If  the  percent 
of  the  load  handled  by  the  solar  array  is 
too  low  ortoo  high,  adjustments  are  made 
to  the  collector  area  to  bring  it  into  the 
appropriate  percentage  range. 

A graphic  check  is  often  helpful,  and 
can  be  done  by  superimposing  the  values 
of  collector  production  on  the  domestic 
water  heating  requirements  curve.  The 
juxtaposed  curves  provide  a clear  com- 
parison of  water  heating  requirement 
versus  solar  energy  available  for  each 
monthofthe year.  Asimilarcurve,  repre- 
senting space  and  water  heating,  is 
shown  in  Figure  41. 

Sample 

Calculation 

The  following  example  illustrates  how  the 
computation  procedures  are  applied  to  a 
combined  space  and  domestic  hot  water 
heating  application. 

Step  I.  List  parameters  of  application. 
Location:  Nashville,  Tennessee 
Latitude:  36°  North 
Collector  Type:  Double  Glazed  with 
Selective  Surface 
Collector  Tilt:  51° 

Combined  Space  and  Water  Fleating 
Heat  Requirements:  Shown  in  Table  10 

Step  2.  Work  through  the  design  chart 
to  determine  month-by-month  solar  heat 
output  per  square  foot  of  collector  sur- 
face. (Results  are  shown  in  Figure  42) 

Step  3.  In  the  completed  chart  (Figure 
42)  find  the  amount  of  heat  available  from 
the  collector  during  March.  This  is  544 
Btu/Sq.  Ft./Day. 

Step  4.  Find  the  combined  space  and 
water  heating  requirement  for  the  month 
of  March.  This  is  275,200  Btu/day. 

(Table  10) 

Step  5.  Make  a preliminary  estimate 
of  required  collector  area  by  dividing  544 
into  275,200.  The  answer  is  about  500 
square  feet. 
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Step  6.  Make  a numerical  check  of  esti- 
mated collector  area  by  dividing  the  total 
solar  heat  collected  (1,715,720  Btu,  from 
Table  10)  by  the  annual  heat  requirement 
(2,188,920  Btu,  from  Table  10).  (In  any 
month,  only  that  portion  of  the  collectable 
energy  which  can  be  applied  to  the  load 
is  considered.  Therefore,  for  example, 
in  May  when  only  68,950  Btu/day  are 
required,  only  this  portion  of  the  available 
solar  heat  is  applied  to  the  load.)  The  esti- 
mated collector  area  of  500  square  feet 
would  supply  78%  of  the  annual  load,  as 
shown  in  Table  10.  Since  this  is  higher 
than  desired,  an  adjusted  collector  area 
of  400  square  feet  is  tried.  This  yields  a 
result  of  68%  of  the  total  load  supplied  by 
solar  energy.  This  is  consistent  with  the 
recommended  60-70  percent.  A third  trial 
is  made,  using  350  square  feet  as  a col- 
lector area.  This  area  provides  about 
62%  of  the  annual  heating  requirement. 
The  collector  area  which  should  be 
selected  for  this  job  would  be  between 
350-400  square  feet. 

Step  7.  A graphic  check  of  the  calculated 
results  is  made  (Figure  41 ).  The  shaded 
area  is  the  useful  solar  heat  produced  by 
350  square  feet  of  collector  area. 


TOTAL  SPACE  AND  D.H.W.  HEATING  REQUIREMENT 

— — CALCULATED  COLLECTOR  PROOUCTION  (350  SQ.  FT.  OF  COLLECTOR) 
1:371  USEFUL  COLLECTOR  PRODUCTION 


MONTH 


FIGURE  41/HEAT  LOAD  VS.  SOLAR  PRODUCTION  GRAPH/ 
EXAMPLE:  NASHVILLE,  TENN.  SPACE  AND  WATER  HEATING 


JOB:  CDA  Solar  Home  COLLECTOR  TYPE:  Double  Glazed  Selective  Surface 

LOCATION:  Nashville,  Tennessee  COLLECTOR  TILT:  51°  (Latitude  -r  15°) 

LATITUDE:  36°  North  APPLICATION:  Space  and  Water  Heating 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

RESULT 

COLLECTOR 
HEAT  GAIN 
FACTOR 
(TABLES) 

OR  MEG’S 
LIT. 

COLLECTOR 
HEAT  LOSS 
FACTOR 
(TABLES) 

OR  MEG'S 

LIT. 

AVERAGE 

DAYTIME 

AIR 

TEMPERA- 
TURE °F 

HORIZONTAL 
SOLAR 
ENERGY 
(FROM 
TABLES) 
APPENDIX  B 

COLLECTOR 
TILT  FACTOR 
(FROM  TABLE) 
APPENDIX  C 

INCIDENT 

ENERGY 

F = D X E 

COLLECTOR 

INLET 

TEMPERA- 

TURE 

(TABLES) 

"F 

H = 

COLUMN  G- 
COLUMN  C 
°F 

J = 

Sx2H 

L IS 

FOUND  FROM 
FIGURE  40 
USING  ’K’ 

TOTAL 
ENERGY 
COLLECTED 
-Fx  L 

BTU  SQ, 

FT  DAY 

JANUARY 

.70 

.65 

46 

601 

1.44 

865 

100 

54 

100 

.12 

.42 

363 

FEBRUARY 

.70 

.65 

48 

882 

1.30 

1147 

115 

67 

124 

.11 

.44 

505 

MARCH 

.70 

.65 

57 

1188 

1.09 

1295 

140 

83 

154 

.12 

.42 

544 

APRIL 

.70 

.65 

67 

1638 

.88 

1441 

155 

88 

163 

.11 

.44 

634 

MAY 

.70 

.65 

76 

1911 

.63 

1204 

165 

89 

165 

.14 

.37 

445 

JUNE 

.70 

.65 

84 

2081 

.61 

1269 

175 

91 

169 

.13 

.39 

495 

JULY 

.70 

.65 

87 

2033 

.62 

1260 

180 

93 

173 

.14 

.37 

466 

AUGUST 

.70 

.65 

86 

1845 

.89 

1642 

180 

94 

175 

.11 

.44 

722 

SEPTEMBER 

.70 

.65 

81 

1561 

1.10 

1717 

175 

94 

175 

.10 

.46 

790 

OCTOBER 

.70 

.65 

69 

1199 

1.42 

1703 

150 

81 

150 

.09 

.48 

817 

NOVEMBER 

.70 

.65 

55 

808 

1.57 

1269 

130 

75 

139 

.11 

.44 

558 

DECEMBER 

.70 

.65 

47 

605 

1.63 

986 

105 

58 

108 

.11 

.44 

434 

FIGURE  42/COMPUTED  COLLECTOR  PRODUCTION/EXAMPLE:  NASHVILLE,  TENN.  SPACE  AND  WATER  HEATING 
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Worksheets  are  available  upon  request  from  Copper  Development  Assn.  Inc. 
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Appendix  A 


TABLE  11/AVERAGE  MONTHLY  AND  YEARLY  DEGREE  DAYS 
FOR  CITIES  IN  THE  UNITED  STATES  AND  CANADA"  (BASE  65°F) 


HOW  DEGREE  DAYS  ARE  MEASURED: 

A degree  day  is  a standard  measure  used  by  heating  engineers  to  measure  the  heating  season's 
coldness.  The  number  of  degree  days  in  a calendar  day  is  determined  by  subtracting  the  day's  mean 
temperature  from  65.  If  the  high  on  a given  day  was  60  and  the  low  was  40  the  mean  temperature  that 
day  would  be  50.  Subtracted  from  65,  this  would  give  1 5 degree  days  for  that  calendar  day. 


UNITED  STAl 

FES 

State 

Station 

Avg. 

Winter 

Temp.°F 

July 

Aug. 

Sept, 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly 

Total 

Ala. 

Birmingham A 

54.2 

0 

0 

6 

93 

363 

555 

592 

462 

363 

108 

9 

0 

2551 

Huntsville A 

51,3 

0 

0 

12 

127 

426 

663 

694 

557 

434 

138 

19 

0 

3070 

Mobile A 

59.9 

0 

0 

0 

22 

213 

357 

415 

300 

211 

42 

0 

0 

1560 

Montgomery A 

55.4 

0 

0 

0 

68 

330 

527 

543 

417 

316 

90 

0 

0 

2291 

Alaska 

Anchorage A 

23.0 

245 

291 

516 

930 

1284 

1572 

1631 

1316 

1293 

879 

592 

315 

10864 

Fairbanks A 

6,7 

171 

332 

642 

1203 

1833 

2254 

2359 

1901 

1739 

1068 

555 

222 

14279 

Juneau  A 

32.1 

301 

338 

483 

725 

921 

1135 

1237 

1070 

1073 

810 

601 

381 

9075 

Nome A 

13.1 

481 

496 

693 

1094 

1455 

1820 

1879 

1666 

1770 

1314 

930 

573 

14171 

Ariz. 

Flagstaff A 

35,6 

46 

68 

201 

558 

867 

1073 

1169 

991 

911 

651 

437 

180 

7152 

Phoenix A 

58.5 

0 

0 

0 

22 

234 

415 

474 

328 

217 

75 

0 

0 

1765 

Tucson A 

■ 58.1 

0 

0 

0 

25 

231 

406 

471 

344 

242 

75 

6 

0 

1800 

Winslow A 

43.0 

0 

0 

6 

245 

711 

1008 

1054 

770 

601 

291 

96 

0 

4782 

Yuma A 

64.2 

0 

0 

0 

0 

108 

264 

307 

190 

90 

15 

0 

0 

974 

Ark. 

Fort  Smith A 

50.3 

0 

0 

12 

127 

450 

704 

781 

596 

456 

144 

22 

0 

3292 

Little  Rock A 

50.5 

0 

0 

9 

127 

465 

716 

756 

577 

434 

126 

9 

0 

3219 

Texarkana A 

54.2 

0 

0 

0 

78 

345 

561 

626 

468 

350 

105 

0 

0 

2533 

Calif. 

Bakersfield A 

55.4 

0 

0 

0 

37 

282 

502 

546 

364 

267 

105 

19 

0 

2122 

Bishop A 

46.0 

0 

0 

48 

260 

576 

797 

874 

680 

555 

306 

143 

36 

4275 

Blue  Canyon  ...  .A 

42.2 

28 

37 

108 

347 

594 

781 

896 

795 

806 

597 

412 

195 

5596 

Burbank A 

58.6 

0 

0 

6 

43 

177 

301 

366 

277 

239 

138 

81 

18 

1646 

Eureka C 

49.9 

270 

257 

258 

329 

414 

499 

546 

470 

505 

438 

372 

285 

4643 

Fresno A 

53.3 

0 

0 

0 

84 

354 

577 

605 

426 

335 

162 

62 

6 

2611 

Long  Beach A 

57.8 

0 

0 

9 

47 

171 

316 

397 

311 

264 

171 

93 

24 

1803 

Los  Angeles A 

57.4 

28 

28 

42 

78 

180 

291 

372 

302 

288 

219 

158 

81 

2061 

Los  Angeles C 

60.3 

0 

0 

6 

31 

132 

229 

310 

230 

202 

123 

68 

18 

1349 

Mt.  Shasta C 

41.2 

25 

34 

123 

406 

696 

902 

983 

784 

738 

525 

347 

159 

5722 

Oakland  A 

53.5 

53 

50 

45 

127 

309 

481 

527 

400 

353 

255 

180 

90 

2870 

Red  Bluff A 

53.8 

0 

0 

0 

53 

318 

555 

605 

428 

341 

168 

47 

0 

2515 

Sacramento A 

53.9 

0 

0 

0 

56 

321 

546 

583 

414 

332 

178 

72 

0 

2502 

Sacramento C 

54.4 

0 

0 

0 

62 

312 

533 

561 

392 

310 

173 

76 

0 

2419 

Sandberg C 

46.8 

0 

0 

30 

202 

480 

691 

778 

661 

620 

426 

264 

57 

4209 

San  Diego A 

59.5 

9 

0 

21 

43 

135 

236 

298 

235 

214 

135 

90 

42 

1458 

San  Francisco  . . . A 

53.4 

81 

78 

60 

143 

306 

462 

508 

395 

363 

279 

214 

126 

3015 

San  Francisco  . . .C 

55.1 

192 

174 

102 

118 

231 

388 

443 

336 

319 

279 

239 

180 

3001 

Santa  Maria A 

54.3 

99 

93 

96 

146 

270 

391 

459 

370 

363 

282 

233 

165 

2967 

Colo. 

Alamosa A 

29.7 

65 

99 

279 

639 

1065 

1420 

1476 

1162 

1020 

696 

440 

168 

8529 

Colorado  Springs  A 

37,3 

9 

25 

132 

456 

825 

1032 

1128 

938 

893 

582 

319 

84 

6423 

Denver A 

37,6 

6 

9 

117 

428 

819 

1035 

1132 

938 

887 

558 

288 

66 

6283 

Denver C 

40.8 

0 

0 

90 

366 

714 

905 

1004 

851 

800 

492 

254 

48 

5524 

Grand  Junction  . .A 

39.3 

0 

0 

30 

313 

786 

1113 

1209 

907 

729 

387 

146 

21 

5641 

Pueblo A 

40.4 

0 

0 

54 

326 

750 

986 

1085 

871 

772 

429 

174 

15 

5462 

Conn. 

Bridgeport A 

39.9 

0 

0 

66 

307 

615 

986 

1079 

966 

853 

510 

208 

27 

5617 

Hartford A 

37.3 

0 

12 

117 

394 

714 

1101 

1190 

1042 

908 

519 

205 

33 

6235 

New  Haven A 

39.0 

0 

12 

87 

347 

648 

1011 

1097 

991 

871 

543 

245 

45 

5897 

Del. 

Wilmington A 

42.5 

0 

0 

51 

270 

588 

927 

980 

874 

735 

387 

112 

6 

4930 

D.C. 

Washington A 

45.7 

0 

0 

33 

217 

519 

834 

871 

762 

626 

288 

74 

0 

4224 

Fla. 

Apalachicola  . . . .C 

61.2 

0 

0 

0 

16 

153 

319 

347 

260 

180 

33 

0 

0 

1308 

Daytona  Beach  . .A 

64.5 

0 

0 

0 

0 

75 

211 

248 

100 

140 

15 

0 

0 

879 

Fort  Myers A 

68.6 

0 

0 

0 

0 

24 

109 

146 

101 

62 

0 

0 

0 

442 

Jacksonville A 

61.9 

0 

0 

0 

12 

144 

310 

332 

246 

174 

21 

0 

0 

1239 

Key  West A 

73.1 

0 

0 

0 

0 

0 

28 

40 

31 

9 

0 

0 

0 

108 

Lakeland C 

66.7 

0 

0 

0 

0 

57 

1 64 

195 

146 

99 

0 

0 

0 

661 

Miami A 

71.1 

0 

0 

0 

0 

0 

65 

74 

56 

19 

0 

0 

0 

214 

Miami  Beach  . . . .C 

72.5 

0 

0 

0 

0 

0 

40 

56 

36 

9 

0 

0 

0 

141 

Orlando A 

65.7 

0 

0 

0 

0 

72 

198 

220 

165 

105 

6 

0 

0 

766 

Pensacola A 

60,4 

0 

0 

0 

19 

195 

353 

400 

277 

183 

36 

0 

0 

1463 

Tallahassee A 

60.1 

0 

0 

0 

28 

198 

360 

375 

286 

202 

36 

0 

0 

1485 

Tampa A 

66.4 

0 

0 

0 

0 

60 

171 

202 

148 

102 

0 

0 

0 

683 

West  Palm  Beach  A 

68.4 

0 

0 

0 

0 

6 

65 

87 

64 

31 

0 

0 

0 

253 

Reprinted  from  ASHRAE  1973  Systems  Handbook,  Chapter  43,  “Energy  Estimating  Method." 


a Data  for  United  States  cities  from  a publication  of  the  United  States  Weather 
Bureau,  Monthly  Normals  of  Temperature,  Precipitation  and  Heating  Degree 
Days  1 962,  are  for  the  period  1 931  to  1 960  inclusive.  These  data  also  include 
information  from  the  1 963  Revisions  to  this  publication,  where  available. 

b Data  for  airport  stations.  A,  and  city  stations,  C,  are  both  given  where 
available. 


c Data  for  Canadian  cities  where  computed  by  the  Climatology  Division,  Depart- 
ment of  Transport  from  normal  monthly  mean  temperatures,  and  the  monthly 
values  of  heating  degree  days  data  were  obtained  using  the  National  Research 
Council  computer  and  a method  devised  by  H.C.S.  Thorn  of  the  United  States 
Weather  Bureau.  The  heating  degree  days  are  based  on  the  period  from  1 931 
to  1960. 


Appendix  A,  average  monthly  and  yearly  degree  days,  continued 


State 

Station 

Avg. 
Winter 
Temp.  'F 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar, 

Apr. 

May 

June 

Yearly 

Total 

Ga. 

Athens 

.A 

51.8 

0 

0 

12 

115 

405 

632 

642 

529 

431 

141 

22 

0 

2929 

Atlanta 

.A 

51.7 

0 

0 

18 

124 

417 

648 

636 

518 

428 

147 

25 

0 

2961 

Augusta 

.A 

54.5 

0 

0 

0 

78 

333 

552 

549 

445 

350 

90 

0 

0 

2397 

Columbus 

.A 

54.8 

0 

0 

0 

87 

333 

543 

552 

434 

338 

96 

0 

0 

2383 

Macon 

.A 

56.2 

0 

0 

0 

71 

297 

502 

505 

403 

295 

63 

0 

0 

2136 

Rome 

.A 

49.9 

0 

0 

24 

161 

474 

701 

710 

577 

468 

177 

34 

0 

3326 

Savannah 

.A 

57.8 

0 

0 

0 

47 

246 

437 

437 

353 

254 

45 

0 

0 

1819 

Thomasville  . . . 

.C 

60.0 

0 

0 

0 

25 

198 

366 

394 

305 

208 

33 

0 

0 

1529 

Hawaii 

Libue 

.A 

72.7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Honolulu 

.A 

74,2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hilo 

.A 

71.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Idaho 

Boise 

.A 

39.7 

0 

0 

132 

415 

792 

1017 

1113 

854 

722 

438 

245 

81 

5809 

Lewiston 

.A 

41.0 

0 

0 

123 

403 

756 

933 

1063 

815 

694 

426 

239 

90 

5542 

Pocatello 

.A 

34.8 

0 

0 

172 

493 

900 

1166 

1324 

1058 

905 

555 

319 

141 

7033 

III. 

Cairo 

.C 

47,9 

0 

0 

36 

164 

513 

791 

856 

680 

539 

195 

47 

0 

3821 

Chicago(0'Hare ) A 

35.8 

0 

12 

117 

381 

807 

1166 

1265 

1086 

939 

534 

260 

72 

6639 

Chicago(Midway  A 

37.5 

0 

0 

81 

326 

753 

1113 

1209 

1044 

890 

480 

211 

48 

6155 

Chicago 

.C 

38.9 

0 

0 

66 

279 

705 

1051 

1150 

1000 

868 

489 

226 

48 

5882 

Moline 

.A 

36.4 

0 

9 

99 

335 

774 

1181 

1314 

1100 

918 

450 

189 

39 

6408 

Peoria 

.A 

38.1 

0 

6 

87 

326 

759 

1113 

1218 

1025 

849 

426 

183 

33 

6025 

Rockford 

.A 

34.8 

6 

9 

114 

400 

837 

1221 

1333 

1137 

961 

516 

236 

60 

6830 

Springfield  .... 

.A 

40.6 

0 

0 

72 

291 

696 

1023 

1135 

935 

769 

354 

136 

18 

5429 

Ind. 

Evansville 

.A 

45.0 

0 

0 

66 

220 

606 

896 

955 

767 

620 

237 

68 

0 

4435 

Fort  Wayne .... 

.A 

37.3 

0 

9 

105 

378 

783 

1135 

1178 

1028 

890 

471 

189 

39 

6205 

Indianapolis  . . . 

.A 

39.6 

0 

0 

90 

316 

723 

1051 

1113 

949 

809 

432 

177 

39 

5699 

South  Bend  . . . 

.A 

36.6 

0 

6 

111 

372 

777 

1125 

1221 

1070 

933 

525 

239 

60 

6439 

Iowa 

Burlington 

.A 

37.6 

0 

0 

93 

322 

768 

1135 

1259 

1042 

859 

426 

177 

33 

6114 

Des  Moines  . . . 

.A 

35.5 

0 

6 

96 

363 

828 

1225 

1370 

1137 

915 

438 

180 

30 

6588 

Dubuque 

.A 

32.7 

12 

31 

156 

450 

906 

1287 

1420 

1204 

1026 

546 

260 

78 

7376 

Sioux  City 

A 

34.0 

0 

9 

108 

369 

867 

1240 

1435 

1198 

989 

483 

214 

39 

6951 

Waterloo 

.A 

32.6 

12 

19 

138 

428 

909 

1296 

1460 

1221 

1023 

531 

229 

54 

7320 

Kans. 

Concordia 

.A 

40.4 

0 

0 

57 

276 

705 

1023 

1163 

935 

781 

372 

149 

18 

5479 

Dodge  City 

.A 

42.5 

0 

0 

33 

251 

666 

939 

1051 

840 

719 

354 

124 

9 

4986 

Goodland 

,A 

37.8 

0 

6 

81 

381 

810 

1073 

1166 

955 

884 

507 

236 

42 

6141 

Topeka 

.A 

41.7 

0 

0 

57 

270 

672 

980 

1122 

893 

722 

330 

124 

12 

5182 

Wichita 

.A 

44.2 

0 

0 

33 

229 

618 

905 

1023 

804 

645 

270 

87 

6 

4620 

Ky. 

Covington 

.A 

41.4 

0 

0 

75 

291 

669 

983 

1035 

893 

756 

390 

149 

24 

5265 

Lexington 

.A 

43.8 

0 

0 

54 

239 

609 

902 

946 

818 

685 

325 

105 

0 

4683 

Louisville 

.A 

44.0 

0 

0 

54 

248 

609 

890 

930 

818 

682 

315 

105 

9 

4660 

La. 

Alexandria 

.A 

57.5 

0 

0 

0 

56 

273 

431 

471 

361 

260 

69 

0 

0 

1921 

Baton  Rouge  . . 

.A 

59.8 

0 

0 

0 

31 

216 

369 

409 

294 

208 

33 

0 

0 

1560 

Lake  Charles  . . 

.A 

60.5 

0 

0 

0 

19 

210 

341 

381 

274 

195 

39 

0 

0 

1459 

New  Orleans  . . 

.A 

61.0 

0 

0 

0 

19 

192 

322 

363 

258 

192 

39 

0 

0 

1385 

New  Orleans  . . . 

.C 

61.8 

0 

0 

0 

12 

165 

291 

344 

241 

177 

24 

0 

0 

1254 

Shreveport 

.A 

56,2 

0 

0 

0 

47 

297 

477 

552 

426 

304 

81 

0 

0 

2184 

Me. 

Caribou 

.A 

24.4 

78 

115 

336 

682 

1044 

1535 

1690 

1470 

1308 

858 

468 

183 

9767 

Portland 

.A 

33.0 

12 

53 

195 

508 

807 

1215 

1339 

1182 

1042 

675 

372 

111 

7511 

Md. 

Baltimore 

.A 

43.7 

0 

0 

48 

264 

585 

905 

936 

820 

679 

327 

90 

0 

4654 

Baltimore 

.C 

46.2 

0 

0 

27 

189 

486 

806 

859 

762 

629 

288 

65 

0 

4111 

Frederich 

.A 

42.0 

0 

0 

66 

307 

624 

955 

995 

876 

741 

384 

127 

12 

5087 

Mass. 

Boston 

.A 

40,0 

0 

9 

60 

316 

603 

983 

1088 

972 

846 

513 

208 

36 

5634 

Nantucket 

.A 

40.2 

12 

22 

93 

332 

573 

896 

992 

941 

896 

621 

384 

129 

5891 

Pittsfield 

.A 

32.6 

25 

59 

219 

524 

831 

1231 

1339 

1196 

1063 

660 

326 

105 

7578 

Worcester 

.A 

34.7 

6 

34 

147 

450 

774 

1172 

1271 

1123 

998 

612 

304 

78 

6969 

Mich. 

Alpena 

.A 

29.7 

68 

105 

273 

580 

912 

1268 

1404 

1299 

1218 

777 

446 

156 

8506 

Detroit  (City) 

.A 

37.2 

0 

0 

87 

360 

738 

1088 

1181 

1058 

936 

522 

220 

42 

6232 

Detroit  (Wayne) 
Detroit  (Willow 

.A 

37.1 

0 

0 

96 

353 

738 

1088 

1194 

1061 

933 

534 

239 

57 

6293 

Run) 

.A 

37.2 

0 

0 

90 

357 

750 

1104 

1190 

1053 

921 

519 

229 

45 

6258 

Escanaba 

.C 

29.6 

59 

87 

243 

539 

924 

1293 

1445 

1296 

1203 

777 

456 

159 

8481 

Flint 

.A 

33.1 

16 

40 

159 

465 

843 

1212 

1330 

1198 

1066 

639 

319 

90 

7377 

Grand  Rapids  . 

.A 

34.9 

9 

28 

135 

434 

804 

1147 

1259 

1134 

1011 

579 

279 

75 

6894 

Lansing 

A 

34.8 

6 

22 

138 

431 

813 

1163 

1262 

1142 

1011 

579 

273 

69 

6909 

Marquette 

.C 

30.2 

59 

81 

240 

527 

936 

1268 

1411 

1268 

1187 

771 

468 

177 

8393 

Muskegon 

.A 

36.0 

12 

28 

120 

400 

762 

1088 

1209 

1100 

995 

594 

310 

78 

6696 

Sault  Ste.  Marie. 

.A 

27.7 

96 

105 

279 

580 

951 

1367 

1525 

1380 

1277 

810 

477 

201 

9048 

Minn. 

Duluth 

.A 

23.4 

71 

109 

330 

632 

1131 

1581 

1745 

1518 

1355 

840 

490 

198 

10000 

Minneapolis 

.A 

28.3 

22 

31 

189 

505 

1014 

1454 

1631 

1380 

1166 

621 

288 

81 

8382 

Rochester 

.A 

28.8 

25 

34 

186 

474 

1005 

1438 

1593 

1366 

1150 

630 

301 

93 

8295 

Miss. 

Jackson 

.A 

55.7 

0 

0 

0 

65 

315 

502 

546 

414 

310 

87 

0 

0 

2239 

Meridian 

.A 

55.4 

0 

0 

0 

81 

339 

518 

543 

417 

310 

81 

0 

0 

2289 

Vicksburg 

.C 

56.9 

0 

0 

0 

53 

279 

462 

512 

384 

282 

69 

0 

0 

2041 

Mo. 

Columbia 

.A 

42,3 

0 

0 

54 

251 

651 

967 

1076 

874 

716 

324 

121 

12 

5046 

Kansas  City 

.A 

43.9 

0 

0 

39 

220 

612 

905 

1032 

818 

682 

294 

109 

0 

471 1 

St.  Joseph 

.A 

40.3 

0 

6 

60 

285 

708 

1039 

1172 

949 

769 

348 

133 

15 

5484 

St.  Louis 

A 

43.1 

0 

0 

60 

251 

627 

936 

1026 

848 

704 

312 

121 

15 

4900 

state 

Station 

July 

Aug, 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly 

Total 

St.  Louis 

.C 

44.8 

0 

0 

36 

202 

576 

884 

977 

801 

651 

270 

87 

0 

4484 

Springfield 

.A 

44.5 

0 

0 

45 

223 

600 

877 

973 

781 

660 

291 

105 

6 

4900 

Mont. 

Billings 

.A 

34.5 

6 

15 

186 

487 

897 

1135 

1296 

1100 

970 

570 

285 

102 

7049 

Glasgow 

.A 

26.4 

31 

47 

270 

608 

1104 

1466 

1711 

1439 

1187 

648 

335 

150 

8996 

Great  Falls 

.A 

32.8 

28 

53 

258 

543 

921 

1169 

1349 

1154 

1063 

642 

384 

186 

7750 

Havre 

.A 

28.1 

28 

53 

306 

595 

1065 

1367 

1584 

1364 

1181 

657 

338 

162 

8700 

Havre 

.C 

29.8 

19 

37 

252 

539 

1014 

1321 

1528 

1305 

1116 

612 

304 

135 

8182 

Helena 

.A 

31.1 

31 

59 

294 

601 

1002 

1265 

1438 

1170 

1042 

651 

381 

195 

8129 

Kalispell 

.A 

31.4 

50 

99 

321 

654 

1020 

1240 

1401 

1134 

1029 

639 

397 

207 

8191 

Miles  City 

.A 

31.2 

6 

6 

174 

502 

972 

1296 

1504 

1252 

1057 

579 

276 

99 

7723 

Missoula 

.A 

31.5 

34 

74 

303 

651 

1035 

1287 

1420 

1120 

970 

621 

391 

219 

3125 

Neb. 

Grand  Island  . . . 

.A 

36.0 

0 

6 

108 

381 

834 

1172 

1314 

1089 

908 

462 

21 1 

45 

6530 

Lincoln 

.C 

38.8 

0 

6 

75 

301 

726 

1066 

1237 

1016 

834 

402 

171 

30 

5864 

Norfolk 

.A 

34.0 

9 

0 

111 

397 

873 

1234 

1414 

1179 

983 

498 

233 

48 

6979 

North  Platte 

.A 

35.5 

0 

6 

123 

440 

885 

1166 

1271 

1039 

930 

519 

248 

57 

6684 

Omaha 

.A 

35.6 

0 

12 

105 

357 

828 

1175 

1355 

1126 

939 

465 

208 

42 

6612 

Scottsbiuff 

.A 

35.9 

0 

0 

138 

459 

876 

1128 

1231 

1008 

921 

552 

285 

75 

6673 

Valentine 

.A 

32.6 

9 

12 

165 

493 

942 

1237 

1395 

1176 

1045 

579 

288 

84 

7425 

Nev. 

Elko 

.A 

34.0 

9 

34 

225 

561 

924 

1197 

1314 

1036 

911 

621 

409 

192 

7433 

Ely 

.A 

33.1 

28 

43 

234 

592 

939 

1184 

1308 

1075 

977 

672 

456 

225 

7733 

Las  Vegas 

.A 

53.5 

0 

0 

0 

78 

387 

617 

688 

487 

335 

111 

6 

0 

2709 

Reno 

.A 

39.3 

43 

87 

204 

490 

801 

1026 

1073 

823 

729 

510 

357 

189 

6332 

Vtfinnemucca  . . 

.A 

36.7 

0 

34 

210 

536 

876 

1091 

1172 

916 

837 

573 

363 

153 

6761 

N.H. 

Concord 

.A 

33.0 

6 

50 

177 

505 

822 

1240 

1358 

1184 

1032 

636 

298 

75 

7383 

Mt.  Washington 

Obsv 

. - 

15.2 

493 

536 

720 

1057 

1341 

1742 

1820 

1663 

1652 

1260' 

930 

603 

13817 

N.J. 

Atlantic  City  . . . . 

.A 

43.2 

0 

0 

39 

251 

549 

880 

936 

848 

741 

420 

133 

15 

4812 

Newark 

.A 

42.8 

0 

0 

30 

248 

573 

921 

983 

876 

729 

381 

118 

0 

4589 

Trenton 

.C 

42.4 

0 

0 

57 

264 

576 

924 

989 

885 

753 

399 

121 

12 

4980 

N.M. 

Albuquerque  . . 

.A 

45.0 

0 

0 

12 

229 

642 

868 

930 

703 

595 

288 

81 

0 

4348 

Clayton 

.A 

42.0 

0 

6 

66 

310 

699 

899 

986 

812 

747 

429 

183 

21 

5158 

Raton 

.A 

38.1 

9 

28 

126 

431 

825 

1048 

1116 

904 

834 

543 

301 

63 

6228 

Roswell 

.A 

47.5 

0 

0 

18 

202 

573 

806 

840 

641 

481 

201 

31 

0 

3793 

Silver  City 

.A 

48.0 

0 

0 

6 

183 

525 

729 

791 

605 

518 

261 

87 

0 

3705 

N.Y. 

Albany 

.A 

34.6 

0 

19 

138 

440 

777 

1194 

1311 

1156 

992 

564 

239 

45 

6875 

Albany 

.C 

37.2 

0 

9 

102 

375 

699 

1104 

1218 

1072 

908 

498 

186 

30 

6201 

Binghamton  . . . 

.A 

33.9 

22 

65 

201 

471 

810 

1184 

1277 

1154 

1045 

645 

313 

99 

7286 

Binghamton  . . . 

.C 

36.6 

0 

28 

141 

406 

732 

1107 

1190 

1081 

949 

543 

229 

45 

6451 

Buffalo 

.A 

34.5 

19 

37 

141 

440 

777 

1156 

1256 

1145 

1039 

645 

329 

78 

7062 

New  York  (Cent. 

Park)  

42.8 

0 

0 

30 

233 

540 

902 

986 

885 

760 

408 

118 

9 

4871 

New  York  (La 

Guardia) 

.A 

43.1 

0 

0 

27 

223 

528 

887 

973 

879 

750 

414 

124 

6 

4811 

New  York 

(Kennnedy)  . . . 

.A 

41.4 

0 

0 

36 

248 

564 

933 

1029 

935 

815 

480 

167 

12 

5219 

Rochester 

.A 

35.4 

9 

31 

126 

415 

747 

1125 

1234 

1123 

1014 

597 

279 

48 

6748 

Schenectady  . . 

.C 

35.4 

0 

22 

123 

422 

756 

1159 

1283 

1131 

970 

543 

211 

30 

6650 

Syracuse 

.A 

35.2 

6 

28 

132 

415 

744 

1153 

1271 

1140 

1004 

570 

248 

45 

6756 

N.C. 

Asheville 

.C 

46.7 

0 

0 

48 

245 

555 

775 

784 

683 

592 

273 

87 

0 

4042 

Cape  Hatteras . 

53.3 

0 

0 

0 

78 

273 

521 

580 

518 

440 

177 

25 

0 

2612 

Charlotte 

.A 

50.4 

0 

0 

6 

124 

438 

691 

691 

582 

481 

156 

22 

0 

3191 

Greensboro  . . . 

.A 

47.5 

0 

0 

33 

192 

513 

778 

784 

672 

552 

234 

47 

0 

3805 

Raleigh 

.A 

49.4 

0 

0 

21 

164 

450 

716 

725 

616 

487 

180 

34 

0 

3393 

Wilmington .... 

.A 

54.6 

0 

0 

0 

74 

291 

521 

546 

462 

357 

96 

0 

0 

2347 

Winston-Salem 

.A 

48.4 

0 

0 

21 

171 

483 

747 

753 

652 

524 

207 

37 

0 

3byb 

N.D. 

Bismarck 

.A 

26.6 

34 

28 

222 

577 

1083 

1463 

1708 

1442 

1203 

645 

329 

117 

8851 

Devils  Lake. . . . 

.C 

22.4 

40 

53 

273 

642 

1191 

1634 

1872 

1579 

1345 

753 

381 

138 

9901 

Fargo 

.A 

24,8 

28 

37 

219 

574 

1107 

1569 

1789 

1520 

1262 

690 

332 

99 

9226 

WillTston 

.A 

25.2 

31 

43 

261 

601 

1122 

1513 

1758 

1473 

1262 

681 

357 

141 

9243 

Ohio 

Akron-Canton  . 

.A 

38.1 

0 

9 

96 

381 

726 

1070 

1138 

1016 

871 

489 

202 

39 

6037 

Cincinnati 

.C 

45.1 

0 

0 

39 

208 

558 

862 

915 

790 

642 

294 

96 

6 

4410 

Cleveland 

.A 

37.2 

9 

25 

105 

384 

738 

1088 

1159 

1047 

918 

552 

260 

66 

6351 

Columbus 

.A 

39.7 

0 

6 

84 

347 

714 

1039 

1088 

949 

809 

426 

171 

27 

5660 

Columbus 

.C 

41.5 

0 

0 

57 

285 

651 

977 

1032 

902 

760 

396 

136 

15 

5211 

Dayton 

.A 

39.8 

0 

6 

78 

310 

696 

1045 

1097 

955 

809 

429 

167 

30 

5622 

Mansfield 

.A 

36.9 

9 

22 

114 

397 

768 

1110 

1169 

1042 

924 

543 

245 

60 

6403 

Sandusky 

.C 

39.1 

0 

6 

66 

313 

684 

1032 

1107 

991 

868 

495 

198 

36 

5796 

Toledo 

.A 

36,4 

0 

16 

117 

406 

792 

1138 

1200 

1056 

924 

543 

242 

60 

6494 

Youngstown . . . 

.A 

36.8 

6 

19 

120 

412 

771 

1104 

1169 

1047 

921 

540 

248 

60 

6417 

Okla. 

Oklahoma  City. 

.A 

48.3 

0 

0 

15 

164 

498 

766 

868 

664 

527 

189 

34 

0 

3725 

Tulsa '. . . . 

.A 

47.7 

0 

0 

18 

158 

522 

787 

893 

683 

539 

213 

47 

0 

3860 

Astoria 

.A 

45.6 

146 

130 

210 

375 

561 

679 

753 

622 

636 

480 

363 

231 

5186 

Burns 

.C 

35.9 

12 

37 

210 

515 

867 

1113 

1246 

988 

856 

570 

366 

177 

6957 

.A 

45.6 

34 

34 

129 

366 

585 

719 

803 

627 

589 

426 

279 

135 

4726 

Mescham 

.A 

34.2 

84 

124 

288 

580 

918 

1091 

1209 

1005 

983 

726 

527 

339 

7874 

Medford 

.A 

43.2 

0 

0 

78 

372 

678 

871 

918 

697 

642 

432 

242 

78 

5008 

Pendleton 

.A 

42.6 

0 

0 

111 

350 

711 

884 

1017 

773 

617 

396 

205 

63 

5127 

.A 

45.6 

25 

28 

114 

335 

597 

735 

825 

644 

586 

396 

245 

105 

4635 

Portland 

C 

47.4 

12 

16 

75 

267 

534 

679 

769 

594 

536 

351 

198 

78 

4109 

40 
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state 

Station 

Avg. 

Winter 

Temp."F 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan, 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly 

Total 

Roseburg 

.A 

46.3 

22 

16 

105 

329 

567 

713 

766 

608 

570 

405 

267 

123 

4491 

Salem 

.A 

45.4 

37 

31 

111 

338 

594 

729 

822 

647 

611 

417 

273 

144 

4754 

Pa. 

Allentown 

.A 

38.9 

0 

0 

90 

353 

693 

1045 

1116 

1002 

849 

471 

167 

24 

5810 

Erie 

.A 

36.8 

0 

25 

102 

391 

714 

1063 

1169 

1081 

973 

585 

288 

60 

6451 

Harrisburg  .... 

.A 

41.2 

0 

0 

63 

298 

648 

992 

1045 

907 

766 

396 

124 

12 

5251 

Philadelphia. . . 

.A 

41.8 

0 

0 

60 

297 

620 

965 

1016 

889 

747 

392 

118 

40 

5144 

Philadelphia. . . 

.C 

44.5 

0 

0 

30 

205 

513 

856 

924 

823 

691 

351 

93 

0 

4486 

Pittsburgh 

.A 

38.4 

0 

9 

105 

375 

726 

1063 

1119 

1002 

874 

480 

195 

39 

5987 

Pittsburgh 

.C 

42.2 

0 

0 

60 

291 

615 

930 

983 

885 

763 

390 

124 

12 

5053 

Reading  

.C 

42.4 

0 

0 

54 

257 

597 

939 

1001 

885 

735 

372 

105 

0 

4945 

Scranton 

.A 

37,2 

0 

19 

132 

434 

762 

1104 

1156 

1028 

893 

498 

195 

33 

6254 

Williamsport. . . 

.A 

38,5 

0 

9 

111 

375 

717 

1073 

1122 

1002 

856 

468 

177 

24 

5934 

R.l. 

Block  Island  . . . 

.A 

40.1 

0 

16 

78 

307 

594 

902 

1020 

955 

877 

612 

344 

99 

5804 

Providence. . . . 

.A 

38.8 

0 

16 

96 

372 

660 

1023 

1110 

988 

868 

534 

236 

51 

5954 

S.C. 

Charleston  .... 

.A 

56.4 

0 

0 

0 

59 

282 

471 

487 

389 

291 

54 

0 

0 

2033 

Charleston  .... 

.C 

57.9 

0 

0 

0 

34 

210 

425 

443 

367 

273 

42 

0 

0 

1794 

Columbia 

.A 

54.0 

0 

0 

0 

84 

345 

577 

570 

470 

357 

81 

0 

0 

2484 

Florence 

Greenville- 

.A 

54.5 

0 

0 

0 

78 

315 

552 

552 

459 

347 

84 

0 

0 

2387 

Spartenburg. . . 

.A 

51.6 

0 

0 

6 

121 

399 

651 

660 

546 

446 

132 

19 

0 

2980 

S.D. 

Huron 

.A 

28.8 

9 

12 

165 

508 

1014 

1432 

1628 

1355 

1125 

600 

288 

87 

8223 

Rapid  City 

.A 

33.4 

22 

12 

165 

481 

897 

1172 

1333 

1145 

1051 

615 

326 

126 

7345 

Sioux  Falls  .... 

.A 

30.6 

19 

25 

168 

462 

972 

1361 

1544 

1285 

1082 

573 

270 

78 

7839 

Tenn. 

Bristol 

.A 

46.2 

0 

0 

51 

236 

573 

828 

828 

700 

598 

261 

68 

0 

4143 

Chattanooga  . . 

.A 

50.3 

0 

0 

18 

143 

468 

698 

722 

577 

453 

150 

25 

0 

3254 

Knoxville 

.A 

49.2 

0 

0 

30 

171 

489 

725 

732 

613 

493 

198 

43 

0 

3494 

Memphis 

.A 

50,5 

0 

0 

18 

130 

447 

698 

729 

585 

456 

147 

22 

0 

3232 

Memphis 

.C 

51.6 

0 

0 

12 

102 

396 

648 

710 

568 

434 

129 

16 

0 

3015 

Nashville 

.A 

48.9 

0 

0 

30 

158 

495 

732 

778 

644 

512 

189 

40 

0 

3578 

Oak  Ridge 

.C 

47.7 

0 

0 

39 

192 

531 

772 

778 

669 

552 

228 

56 

0 

3817 

Tex. 

Abilene 

.A 

53.9 

0 

0 

0 

99 

366 

586 

642 

470 

347 

114 

0 

0 

2624 

Amarillo 

.A 

47.0 

0 

0 

18 

205 

570 

797 

877 

664 

546 

252 

56 

0 

3985 

Austin 

.A 

59.1 

0 

0 

0 

31 

225 

388 

468 

325 

223 

51 

0 

0 

1711 

Brownsville. . . . 

.A 

67.7 

0 

0 

0 

0 

66 

149 

205 

106 

74 

0 

0 

0 

600 

Corpus  Christ! . 

.A 

64.6 

0 

0 

0 

0 

120 

220 

291 

174 

109 

0 

0 

■ 0 

914 

Dallas 

.A 

55.3 

0 

0 

0 

62 

321 

524 

601 

440 

319 

90 

6 

0 

2363 

El  Paso 

.A 

52.9 

0 

0 

0 

84 

414 

648 

685 

445 

319 

105 

0 

0 

2700 

Fort  Worth 

.A 

55,1 

0 

0 

0 

65 

324 

536 

614 

448 

319 

99 

0 

0 

2405 

Galveston 

.A 

62.2 

0 

0 

0 

6 

147 

276 

360 

263 

189 

33 

0 

0 

1274 

Galveston 

.C 

62.0 

0 

0 

0 

0 

138 

270 

350 

258 

189 

30 

0 

0 

1235 

Houston 

.A 

61,0 

0 

0 

0 

6 

183 

307 

384 

288 

192 

36 

0 

0 

1396 

Houston 

.C 

62.0 

0 

0 

0 

0 

165 

288 

363 

258 

174 

30 

0 

0 

1278 

Laredo 

.A 

66.0 

0 

0 

0 

0 

105 

217 

267 

134 

74 

0 

0 

0 

797 

Lubbock  

.A 

48.8 

0 

0 

18 

174 

513 

744 

800 

613 

484 

201 

31 

0 

3578 

Midland 

.A 

53.8 

0 

0 

0 

87 

381 

592 

651 

468 

322 

90 

0 

0 

2591 

Port  Arthur  .... 

.A 

60.5 

0 

0 

0 

22 

207 

329 

384 

274 

192 

39 

0 

0 

1447 

San  Angelo. . . . 

.A 

56.0 

0 

0 

0 

68 

318 

536 

567 

412 

288 

66 

0 

0 

2255 

San  Antonio  . . . 

.A 

60.1 

0 

0 

0 

31 

204 

363 

428 

286 

195 

39 

0 

0 

1546 

Victoria 

.A 

62.7 

0 

0 

0 

6 

150 

270 

344 

230 

152 

21 

0 

0 

1173 

Waco 

.A 

57.2 

0 

0 

0 

43 

270 

456 

536 

389 

270 

66 

0 

0 

2030 

Wichita  Falls. . . 

.A 

53.0 

0 

0 

0 

99 

381 

632 

698 

518 

378 

120 

6 

0 

2832 

Utah 

Milford 

.A 

36.5 

0 

0 

99 

443 

867 

1141 

1252 

988 

822 

519 

279 

87 

6497 

Salt  Lake  City. . 

.A 

38.4 

0 

0 

81 

419 

849 

1082 

1172 

910 

763 

459 

233 

84 

6052 

Wendover 

.A 

39.1 

0 

0 

48 

372 

822 

1091 

1178 

902 

729 

408 

177 

51 

5778 

Vt. 

Burlington 

.A 

29.4 

28 

65 

207 

539 

891 

1349 

1513 

1333 

1187 

714 

353 

90 

8269 

Va. 

Cape  Henry  . . . 

.C 

50.0 

0 

0 

0 

112 

360 

645 

694 

633 

536 

246 

53 

0 

3279 

Lynchburg 

.A 

46.0 

0 

0 

51 

223 

540 

822 

849 

731 

605 

267 

78 

0 

4166 

Norfolk 

.A 

49.2 

0 

0 

0 

136 

408 

698 

738 

655 

533 

216 

37 

0 

3421 

Richmond 

.A 

47.3 

0 

0 

36 

214 

495 

784 

815 

703 

546 

219 

53 

0 

3865 

Roanoke 

,A 

46.1 

0 

0 

51 

229 

549 

825 

834 

722 

614 

261 

65 

0 

4150 

Wash. 

Olympia 

.A 

44.2 

68 

71 

198 

422 

636 

753 

834 

675 

645 

450 

307 

177 

5236 

Seattle-Tacoma. 

.A 

44.2 

56 

62 

162 

391 

633 

750 

828 

678 

657 

474 

295 

159 

5145 

Seattle 

.C 

46.9 

50 

47 

129 

329 

543 

657 

738 

599 

577 

396 

242 

117 

4424 

Spokane  

.A 

36.5 

9 

25 

168 

493 

879 

1082 

1231 

980 

834 

531 

288 

135 

6655 

Walla  Walla 

C 

43.8 

0 

0 

87 

310 

681 

843 

986 

745 

589 

342 

177 

45 

4805 

Yakima 

.A 

39.1 

0 

12 

144 

450 

828 

1039 

1163 

868 

713 

435 

220 

69 

5941 

W.  Va. 

Charleston 

.A 

44.8 

0 

0 

63 

254 

591 

865 

880 

770 

648 

300 

96 

9 

4476 

Elkins 

.A 

40,1 

9 

25 

135 

400 

729 

992 

1008 

896 

791 

444 

198 

48 

5675 

Huntington 

.A 

45.0 

0 

0 

63 

257 

585 

856 

880 

764 

636 

294 

99 

12 

4446 

Parkersburg . . . . 

.C 

43.5 

0 

0 

60 

264 

606 

905 

942 

826 

691 

339 

115 

6 

4754 

Wise. 

Green  Bay 

.A 

30.3 

28 

50 

174 

484 

924 

1333 

1494 

1313 

1141 

654 

335 

99 

8029 

La  Crosse 

.A 

31.5 

12 

19 

153 

437 

924 

1339 

1504 

1277 

1070 

540 

245 

69 

7589 

Madison  

.A 

30,9 

25 

40 

174 

474 

930 

1330 

1473 

1274 

1113 

618 

310 

102 

7863 

Milwaukee 

.A 

32.6 

43 

47 

174 

471 

876 

1252 

1376 

1193 

1054 

642 

372 

135 

7635 

Wyo. 

Casper 

.A 

33,4 

6 

16 

192 

524 

942 

1169 

1290 

1084 

1020 

657 

381 

129 

7410 

Cheyenne 

.A 

34.2 

28 

37 

219 

543 

909 

1085 

1212 

1042 

1026 

702 

428 

150 

7381 

Lander 

.A 

31.4 

6 

19 

204 

555 

1020 

1299 

1417 

1145 

1017 

654 

381 

153 

7870 

Sheridan 

.A 

32.5 

25 

31 

219 

539 

948 

1200 

1355 

1154 

1051 

642 

366 

150 

7680 

CANADA 


Prov. 

Station 

Avg, 

Winter 

Temp. 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly 

Total 

Alta. 

Banff C 

220 

295 

498 

797 

1185 

1485 

1624 

1364 

1237 

855 

589 

402 

10551 

Calgary A 

109 

186 

402 

719 

1110 

1389 

1575 

1379 

1268 

798 

477 

291 

9703 

Edmonton A 

74 

180 

411 

738 

1215 

1603 

1810 

1520 

1330 

765 

400 

222 

10268 

Lethbridge A 

56 

112 

318 

611 

1011 

1277 

1497 

1291 

1159 

696 

403 

213 

8644 

B.C. 

Kamloops A 

22 

40 

189 

546 

894 

1138 

1314 

1057 

818 

462 

217 

102 

6799 

Prince  George*. , A 

236 

251 

444 

747 

1110 

1420 

1612 

1319 

1122 

747 

468 

279 

9755 

Prince  Rupert. . . .C 

273 

248 

339 

539 

708 

868 

936 

808 

812 

648 

493 

357 

7029 

Vancouver*. A 

81 

87 

219 

456 

657 

787 

862 

723 

676 

501 

310 

156 

5515 

Victoria* A 

136 

140 

225 

462 

663 

775 

840 

718 

691 

504 

341 

204 

5699 

Victoria C 

172 

184 

243 

426 

607 

723 

805 

668 

660 

487 

354 

250 

5579 

Man. 

Brandon* A 

47 

90 

357 

747 

1290 

1792 

2034 

1737 

1476 

837 

431 

198 

11036 

Churchill A 

360 

375 

681 

1082 

1620 

2248 

2558 

2277 

2130 

1569 

1153 

675 

16728 

The  Pas C 

59 

127 

429 

831 

1440 

1981 

2232 

1853 

1624 

969 

508 

228 

12281 

Winnipeg A 

38 

71 

322 

683 

1251 

1757 

2008 

1719 

1465 

813 

405 

147 

10679 

N.B, 

Fredericton.* A 

78 

68 

234 

592 

915 

1392 

1541 

1379 

1172 

753 

406 

141 

8671 

Moncton C 

62 

105 

276 

611 

891 

1342 

1482 

1336 

1194 

789 

468 

171 

8727 

St.  John C 

109 

102 

246 

527 

807 

1194 

1370 

1229 

1097 

756 

490 

249 

8219 

Nod. 

Argentia A 

260 

167 

294 

564 

750 

1001 

1159 

1085 

1091 

879 

707 

483 

8440 

Corner  Brook C 

102 

133 

324 

642 

873 

1194 

1358 

1283 

1212 

885 

639 

333 

8978 

Gander A 

121 

152 

330 

670 

909 

1231 

1370 

1266 

1243 

939 

657 

366 

9254 

Goose*. A 

130 

205 

444 

843 

1227 

1745 

1947 

1689 

1494 

1074 

741 

348 

11887 

St.  John's  * A 

n 

U 

186 

180 

342 

651 

831 

1113 

1262 

1170 

1187 

927 

710 

432 

8991 

N.W.T. 

Akiavik C 

-J 

CD 

273 

459 

807 

1414 

2064 

2530 

2632 

2336 

2282 

1674 

1063 

483 

18017 

Fort  Norman C 

164 

341 

666 

1234 

1959 

2474 

2592 

2209 

2058 

1386 

732 

294 

16109 

Resolution  Island  C 

< 

> 

843 

831 

900 

1113 

1311 

1724 

2021 

1850 

1817 

1488 

1181 

942 

16021 

N.S. 

Flalifax C 

< 

58 

51 

180 

457 

710 

1074 

1213 

1122 

1030 

742 

487 

237 

7361 

Sydney A 

o 

62 

71 

219 

518 

765 

1113 

1262 

1206 

1150 

840 

567 

276 

8049 

Yarmouth A 

102 

115 

225 

471 

696 

1029 

1156 

1065 

1004 

726 

493 

258 

7340 

Ont, 

Cochrane C 

96 

180 

405 

760 

1233 

1776 

1978 

1701 

1528 

963 

570 

222 

11412 

Fort  William A 

90 

133 

366 

694 

1140 

1597 

1792 

1557 

1380 

876 

543 

237 

10405 

Kapuskasing  . . . .C 

74 

171 

405 

756 

1245 

1807 

2037 

1735 

1562 

978 

580 

222 

11572 

Kitchener C 

16 

59 

177 

505 

855 

1234 

1342 

1226 

1101 

663 

322 

66 

/bbb 

London A 

12 

43 

159 

477 

837 

1206 

1305 

1198 

1066 

648 

332 

66 

7349 

North  Bay C 

37 

90 

267 

608 

990 

1507 

1680 

1463 

1277 

780 

400 

120 

9219 

Ottawa C 

25 

81 

222 

567 

936 

1469 

1624 

1441 

1231 

708 

341 

90 

8735 

Toronto C 

7 

18 

151 

439 

760 

1111 

1233 

1119 

1013 

616 

298 

62 

6827 

RE.I. 

Charlottetown  . . .C 

40 

53 

198 

518 

804 

1215 

1380 

1274 

1169 

813 

496 

204 

8164 

Summerside C 

47 

84 

216 

546 

840 

1246 

1438 

1291 

1206 

841 

518 

216 

8488 

Que. 

Arvida C 

102 

136 

327 

682 

1074 

1659 

1879 

1619 

1407 

891 

521 

231 

10528 

Montreal  *. A 

9 

43 

165 

521 

882 

1392 

1566 

1381 

1175 

684 

316 

69 

8203 

Montreal C 

16 

28 

165 

496 

864 

1355 

1510 

1328 

1138 

657 

288 

54 

7899 

Quebect A 

56 

84 

273 

636 

996 

1516 

1665 

1477 

1296 

819 

428 

126 

9372 

Quebec C 

40 

68 

243 

592 

972 

1473 

1612 

1418 

1228 

780 

400 

111 

8937 

Sasks. 

Prince  Albert  ....  A 

81 

136 

414 

797 

1368 

1872 

2108 

1763 

1559 

867 

446 

219 

11630 

Regina A 

78 

93 

360 

741 

1284 

1711 

1965 

1687 

1473 

804 

409 

201 

10806 

Saskatoon C 

56 

87 

372 

750 

1302 

1758 

2006 

1689 

1463 

798 

403 

186 

10870 

YT. 

Dawson C 

164 

326 

645 

1197 

1875 

2415 

2561 

2150 

1838 

1068 

570 

258 

15067 

Mayo  Landing  . . .C 

208 

366 

648 

1135 

1794 

2325 

2427 

1992 

1665 

1020 

580 

294 

14454 

‘The  data  for  these  normals  were  from  the  full  ten-year  period  1951-1960 
adjusted  to  the  standard  normal  period  1931-1960. 
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Appendix  B 


INSOLATION  AND  PERCENT 
DIFFUSE  TABLES' 


BTU  per  sq.  ft.  per  day  j % DIFFUSE 


City 

Lat. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ALABAMA 

Birmingham 

33.6° 

706/53 

967/48 

1295/45 

1672/40 

1855/40 

1917/40 

1809/42 

1722/40 

1454/41 

1210/39 

858/45 

661/51 

Mobiie 

30.7° 

828/48 

1099/45 

1406/41 

1721/39 

1871/39 

1867/41 

1714/45 

1640/44 

1449/44 

1298/38 

955/44 

759/49 

Montgomery 

ALASKA 

32.3° 

751/51 

1013/47 

1339/44 

1728/39 

1896/39 

1971/38 

1839/41 

1744/40 

1467/42 

1261/38 

915/44 

719/49 

Annette 

55.0° 

232/50 

424/53 

870/42 

1342/41 

1611/45 

1615/49 

1615/47 

1257/50 

951/47 

450/58 

217/62 

151/59 

Bethei 

60.8° 

136/41 

413/33 

1040/18 

1640/22 

1692/40 

1655/48 

1364/55 

936/60 

734/53 

431/46 

166/48 

85/44 

Fairbanks 

64.8° 

70/23 

280/36 

859/20 

1419/28 

1758/36 

1943/39 

1637/45 

1338/41 

678/51 

317/48 

100/38 

22/32 

Matanuska 

ARIZONA 

61.6° 

118/42 

339/42 

892/28 

1312/37 

1607/42 

1 703/46 

1508/49 

1158/50 

730/53 

369/51 

140/51 

55/55 

Page 

36.6° 

1106/18 

1408/19 

1939/13 

2278/16 

2562/16 

2606/19 

2507/20 

2197/23 

1902/21 

1482/21 

1143/20 

896/27 

Phoenix 

33.4° 

1020/31 

1374/27 

1813/22 

2353/15 

2674/13 

2738/14 

2485/21 

2291/21 

2014/20 

1575/21 

1150/27 

932/32 

Prescott 

34.6° 

1015/29 

1334/27 

1776/23 

2274/18 

2628/15 

2761/14 

2308/27 

2090/28 

1953/21 

1542/21 

1139/24 

926/30 

Tucson 

32.1  ° 

1098/29 

1431/25 

1863/22 

2362/16 

2670/13 

2728/14 

2340/25 

2181/25 

1978/22 

1601/22 

1207/25 

995/31 

Winsiow 

35.0° 

984/30 

1326/27 

1779/22 

2282/18 

2593/16 

2709/15 

2345/25 

2139/25 

1927/21 

1512/22 

1118/25 

894/31 

Yuma 

ARKANSAS 

32.7° 

1095/28 

1442/24 

1918/19 

2411/14 

2726/12 

2812/12 

2451/22 

2327/20 

2050/19 

1622/20 

1214/24 

999/29 

Fort  Smith 

35.3° 

743/47 

999/45 

1311/42 

1615/41 

1911/38 

2088/34 

2064/34 

1876/34 

1504/39 

1200/38 

851/42 

682/47 

Littie  Rock 

CALIFORNIA 

34.7° 

731/49 

1002/45 

1312/42 

1610/42 

1928/38 

2105/34 

2031/36 

1860/36 

1517/38 

1228/37 

847/44 

673/49 

Areata 

41.0° 

528/53 

793/48 

1132/46 

1586/40 

1841/40 

1960/39 

1807/42 

1578/44 

1341/41 

935/45 

593/51 

469/54 

Bakersfield 

35.4° 

766/45 

1101/38 

1594/30 

2093/24 

2508/19 

2748/14 

2681/14 

2419/16 

1991/19 

1457/24 

941/37 

677/47 

Daggett 

34.9° 

957/32 

1279/29 

1772/23 

2273/18 

2590/16 

2764/14 

2602/18 

2381/18 

2007/19 

1515/22 

1084/28 

875/33 

Davis 

38.5° 

583/53 

944/42 

1482/31 

1947/28 

2345/23 

2588/21 

2544/19 

2252/21 

1836/22 

1283/29 

796/53 

546/51 

El  Toro 

33.7° 

947/36 

1235/33 

1609/31 

1928/31 

2068/33 

2193/31 

2362/29 

2154/25 

1736/30 

1356/32 

1026/34 

869/37 

Fresno 

36.8° 

645/51 

999/42 

1524/31 

1965/28 

2308/25 

2529/21 

2524/20 

2274/21 

1871/22 

1355/28 

841/53 

549/55 

Inyokern 

35.6° 

1150/16 

1545/13 

2131/6 

2584/6 

2903/5 

3082/4 

2890/8 

2721/5 

2389/2 

1784/6 

1349/8 

1087/14 

Long  Beach 

33.8° 

927/37 

1214/34 

1609/31 

1936/30 

2063/33 

2139/33 

2298/27 

2098/28 

1699/31 

1325/33 

1003/36 

846/38 

Los  Angeles 

33.9° 

925/37 

1213/34 

1618/30 

1950/30 

2058/33 

2118/33 

2306/27 

2078/28 

1680/32 

1316/33 

1003/36 

848/37 

Mt.  Shasta 

41.3° 

560/49 

857/44 

1250/40 

1755/33 

2185/29 

2435/24 

2576/18 

2212/21 

1734/24 

1154/31 

659/46 

505/49 

Needles 

34.8° 

984/30 

1353/25 

1824/20 

2316/16 

2650/14 

2790/13 

2540/19 

2276/21 

2013/19 

1537/21 

1123/25 

913/30 

Oakland 

37.7° 

707/45 

1017/40 

1456/33 

1921/29 

2210/28 

2348/27 

2321/27 

2052/28 

1700/29 

1211/33 

822/40 

646/45 

Pasadena 

34.1° 

925/36 

1228/33 

1618/29 

1876/32 

2097/32 

2138/33 

2337/25 

2208/23 

1 777/28 

1349/31 

999/34 

870/36 

Point  Mugu 

34.1  ° 

926/36 

1220/33 

1634/29 

1950/30 

2016/34 

2053/36 

2117/32 

1934/33 

1607/36 

1295/34 

1005/34 

856/37 

Riverside 

33.9° 

1014/30 

1353/27 

1762/24 

1994/29 

2297/25 

2507/22 

2481/21 

2278/21 

1972/21 

1500/24 

1176/24 

995/27 

Sacramento 

38.5° 

596/53 

939/44 

1457/33 

2002/25 

2433/21 

2682/16 

2687/14 

2367/16 

1906/19 

1314/27 

781/41 

538/53 

San  Diego 

32.7° 

975/36 

1265/33 

1631/31 

1935/31 

2001/36 

2061/36 

2185/30 

2056/29 

1716/32 

1373/32 

1062/33 

903/36 

San  Francisco 

37.8° 

707/45 

1008/40 

1454/33 

1919/29 

2224/28 

2375/27 

2390/24 

2115/25 

1741/27 

1225/33 

821/40 

642/45 

San  Jose 

37.3° 

663/49 

980/42 

1301/41 

1787/34 

2115/31 

2207/31 

2247/29 

1979/31 

1691/29 

1149/38 

956/46 

638/47 

Santa  Maria 

34.9° 

853/40 

1140/37 

1581/32 

1920/32 

2139/32 

2347/27 

2340/25 

2105/27 

1729/30 

1353/30 

973/36 

803/38 

Sunnyvale 

37.4° 

737/44 

1036/39 

1485/32 

1943/29 

2275/27 

2451/24 

2440/22 

2165/24 

1 758/27 

1248/32 

843/39 

660/45 

COLORADO 

Boulder 

40.0° 

741/37 

988/38 

1478/30 

1696/37 

1696/45 

1935/40 

1917/39 

1618/42 

1519/34 

1143/34 

818/36 

671/37 

Colo.  Springs 

38.8° 

890/28 

1177/28 

1549/28 

1930/27 

2127/31 

2367/27 

2210/30 

2024/29 

1758/25 

1358/24 

944/29 

781/30 

Denver 

39.7° 

840/33 

1127/30 

1530/29 

1879/29 

2134/30 

2350/27 

2272/27 

2044/28 

1726/26 

1300/25 

883/30 

731/33 

Eagle 

39.6° 

754/37 

1077/32 

1500/30 

1931/28 

2254/27 

2507/22 

2385/24 

2083/27 

1766/24 

1307/25 

868/32 

690/36 

Grand  Junction 

39.1° 

791/34 

1118/31 

1552/28 

1985/27 

2378/22 

2597/20 

2464/22 

2180/23 

1833/22 

1344/24 

918/30 

731/33 

Grand  Lake 

40.3° 

782/32 

1154/27 

1559/25 

1888/29 

2035/33 

2330/28 

2212/28 

1862/30 

1755/24 

1331/23 

863/31 

678/36 

Pueblo 

38.3° 

894/29 

1171/30 

1563/28 

1955/28 

2161/30 

2433/24 

2310/27 

2101/27 

1778/24 

1360/24 

953/29 

782/31 

CONNECTICUT 

Hartford 

41.9° 

477/56 

714/53 

978/53 

1314/50 

1567/48 

1685/48 

1648/47 

1420/49 

1154/49 

852/48 

497/58 

384/60 

DELAWARE 

Wilmington 

DC 

Washington 

39.7° 

571/51 

827/48 

1148/46 

1479/45 

1709/45 

1882/41 

1822/42 

1613/42 

1317/44 

984/44 

644/50 

489/55 

38.8° 

571/54 

815/50 

1124/48 

1458/46 

1717/44 

1899/41 

1817/42 

1617/44 

1340/44 

1003/44 

651/50 

481/57 

FLORIDA 

Apalachicola 

29.7° 

852/48 

1125/45 

1473/40 

1877/34 

2090/32 

1997/37 

1812/42 

1686/42 

1534/40 

1370/36 

1039/40 

817/47 

Daytona  Beach 

29.2° 

958/42 

1213/40 

1547/37 

1883/34 

1966/38 

1825/42 

1783/42 

1681/42 

1477/44 

1250/42 

1035/41 

870/45 

Gainesville 

29.6° 

1025/38 

1353/33 

1640/33 

1987/30 

2160/30 

2006/37 

1917/39 

1873/36 

1637/37 

1357/37 

1172/32 

936/40 

Jacksonville 

30.4° 

899/45 

1162/41 

1521/37 

1854/34 

1955/37 

1884/41 

1801/42 

1693/42 

1441/44 

1222/42 

995/41 

817/46 

Miami 

25.8° 

1057/42 

1313/39 

1603/37 

1858/36 

1842/40 

1707/46 

1762/44 

1629/45 

1456/46 

1301/42 

1117/41 

1019/41 

Orlando 

28.5° 

999/41 

1242/40 

1581/36 

1897/33 

1987/36 

1830/42 

1800/42 

1672/44 

1495/42 

1303/40 

1095/39 

925/42 

Pensacola 

30.5° 

922/44 

1183/40 

1493/38 

1876/33 

2072/33 

2094/34 

1979/37 

1876/36 

1585/38 

1452/31 

1025/40 

826/46 

Tallahassee 

30.4° 

876/46 

1136/42 

1478/39 

1828/36 

1935/38 

1882/41 

1747/44 

1674/42 

1492/42 

1317/38 

1007/41 

813/47 

Tampa 

GEORGIA 

28.0° 

1010/41 

1258/40 

1593/36 

1907/33 

1997/36 

1847/41 

1751/44 

1652/44 

1491/44 

1345/39 

1107/39 

935/42 

Atlanta 

33.6° 

717/51 

969/48 

1302/44 

1685/39 

1853/40 

1911/40 

1811/42 

1707/41 

1421/42 

1199/40 

882/44 

674/50 

Augusta 

33.4° 

750/49 

1014/46 

1338/42 

1728/38 

1864/40 

1903/40 

1803/42 

1666/42 

1409/44 

1219/39 

916/41 

720/48 

Griffin 

33.2° 

877/41 

1113/40 

1430/39 

1913/31 

2127/31 

2138/33 

2061/34 

1928/33 

1611/36 

1372/31 

1062/32 

774/44 

Macon 

32.7° 

769/49 

1019/46 

1362/42 

1734/38 

1884/39 

1918/40 

1784/44 

1716/41 

1438/42 

1246/39 

939/41 

728/48 

Savannah 

HAWAII 

32.1  ° 

907/41 

1158/40 

1486/38 

1906/32 

2075/33 

2042/36 

1976/37 

1847/37 

1486/41 

1283/38 

977/40 

789/45 

Hilo 

19.7° 

1120/40 

1246/40 

1348/40 

1434/40 

1553/40 

1658/40 

1624/45 

1592/45 

1546/40 

1372/40 

1104/40 

1019/45 

Honolulu 

IDAHO 

21.3° 

1180/40 

1396/35 

1621/35 

1796/35 

1949/30 

2004/30 

2002/50 

1966/30 

1810/30 

1540/30 

1766/35 

1132/35 

Boise 

43.6° 

485/51 

839/41 

1302/34 

1825/30 

2275/25 

2461/23 

2611/16 

2195/21 

1736/21 

1137/29 

628/44 

437/51 

Pocatello 

42.9° 

539/48 

881/39 

1370/32 

1819/30 

2279/25 

2478/23 

2598/16 

2238/20 

1768/21 

1202/25 

689/39 

476/48 

Twin  Falls 

ILLINOIS 

40.6° 

601/48 

885/44 

1309/38 

1703/36 

2035/33 

2183/32 

2219/29 

1991/29 

1593/31 

1054/39 

649/48 

483/54 

Chicago 

42.0° 

506/53 

759/49 

1106/46 

1456/45 

1788/41 

2006/38 

1942/38 

1718/38 

1353/40 

969/41 

565/51 

402/58 

Lemont 

41.7° 

630/42 

855/44 

1202/41 

1438/46  1 

1832/40 

2038/37  1 

1943/38 

1792/36 

1416/38 

977/41 

579/51 

483/50 

1 . Source  Data  From  Klein.  Beckman  and  Duffle,  "Monthly  Average  Solar  Radiation  on  Inclined  Surfaces,  E.  Report  #42-2"  University  of  Wisconsin,  Revised  1978 
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City 

Lat. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Moline 

41.4° 

534/51 

812/47 

1117/46 

1458/45 

1752/42 

1968/39 

1937/38 

1714/39 

1356/40 

995/40 

594/50 

432/56 

Peoria 

40.7° 

601/47 

840/46 

1187/44 

1556/41 

1876/39 

2112/34 

2075/33 

1851/34 

1500/34 

1102/36 

682/45 

512/50 

Springfield 

39.8° 

585/50 

860/46 

1133/46 

1514/44 

1864/39 

2096/34 

2057/34 

1804/36 

1453/38 

1067/39 

676/47 

490/54 

INDIANA 

Evansville 

38.0° 

573/55 

822/50 

1150/47 

1500/45 

1781/42 

1981/38 

1919/39 

1734/39 

1403/41 

1087/40 

682/50 

498/57 

Fort  Wayne 

41.0° 

455/59 

697/55 

981/53 

1360/49 

1670/46 

1840/42 

1786/44 

1593/44 

1272/45 

924/46 

516/58 

369/64 

Indianapolis 

39.7° 

495/58 

747/54 

1036/51 

1397/48 

1687/45 

1866/42 

1805/42 

1642/41 

1323/44 

977/45 

579/55 

417/62 

South  Bend 

41.7° 

416/62 

660/56 

992/51 

1387/47 

1721/44 

1921/40 

1851/41 

1665/40 

1290/44 

909/46 

497/58 

340/65 

IOWA 

Ames 

42.0° 

642/40 

933/38 

1205/41 

1486/44 

1770/42 

1994/38 

1976/37 

1696/39 

1353/40 

1010/39 

689/41 

527/46 

Des  Moines 

41.5° 

580/47 

860/44 

1180/42 

1556/41 

1866/39 

2123/34 

2096/33 

1826/34 

1433/37 

1067/37 

653/45 

487/50 

Mason  City 

43.1° 

553/46 

836/42 

1167/41 

1517/41 

1894/38 

2112/34 

2083/33 

1832/33 

1404/37 

1010/37 

600/47 

443/51 

Sioux  City 

42.4° 

568/47 

841/44 

1169/42 

1577/40 

1900/38 

2122/34 

2120/32 

1844/33 

1420/37 

1037/37 

642/45 

469/50 

KANSAS 

Dodge  City 

37.8° 

826/36 

1121/33 

1476/32 

1884/31 

2089/32 

2356/27 

2294/27 

2054/28 

1685/29 

1300/29 

893/34 

732/38 

Manhattan 

39.2° 

708/41 

973/40 

1272/41 

1596/40 

1943/37 

2031/37 

1957/38 

1939/31 

1512/36 

1077/39 

837/36 

575/48 

Topeka 

39.1  ° 

681/45 

940/42 

1256/41 

1640/39 

1914/38 

2125/34 

2127/32 

1909/32 

1515/36 

1146/36 

771/41 

583/47 

Wichita 

37.6° 

783/40 

1058/40 

1405/35 

1782/30 

2035/35 

2264/30 

2238/28 

2031/27 

1616/30 

1249/30 

870/35 

690/40 

KENTUCKY 

Covington 

39.1° 

372/69 

512/68 

1036/51 

1489/45 

1873/39 

2142/33 

2470/21 

2016/29 

1471/37 

866/51 

516/60 

299/73 

Lexington 

38.0° 

545/57 

779/54 

1099/49 

1478/46 

1746/44 

1896/41 

^849/41 

1685/41 

1361/42 

1043/42 

657/51 

485/58 

Louisville  ’ 

38.2° 

545/57 

789/53 

1102/49 

1466/46 

1719/44 

1902/41 

1836/41 

1679/41 

1360/42 

1042/42 

652/51 

488/57 

LOUISIANA 

Baton  Rouge 

30.5° 

785/51 

1053/47 

1378/44 

1680/41 

1870/39 

1925/39 

1744/45 

1676/42 

1463/42 

1301/38 

919/46 

736/51 

Lake  Charles 

30.2° 

728/55 

1009/49 

1313/46 

1569/45 

1848/40 

1969/38 

1787/42 

1656/44 

1484/42 

1380/34 

916/47 

705/54 

Nev;/  Orleans 

30.0° 

834/49 

1111/45 

1414/42 

1779/38 

1966/37 

2002/37 

1812/42 

1715/41 

1513/41 

1334/37 

972/44 

779/49 

Shreveport 

32.4° 

833/46 

1028/46 

1394/41 

1721/39 

2020/34 

2006/37 

2072/33 

1917/34 

1530/39 

1312/36 

896/45 

730/49 

MAINE 

Caribou 

46.9° 

425/50 

726/44 

1132/39 

1407/44 

1565/48 

1749/46 

1749/44 

1486/45 

1093/48 

682/53 

368/62 

318/57 

Portland 

43.6° 

450/55 

682/53 

969/51 

1303/49 

1567/48 

1710/47 

1658/47 

1460/47 

1157/47 

822/48 

459/58 

363/59 

MARYLAND 

Annapolis 

39.0° 

645/47 

896/45 

1254/41 

1545/42 

1799/41 

2053/37 

1998/37 

1729/39 

1411/40 

1084/39 

697/47 

571/48 

Baltimore 

39.2° 

586/51 

839/48 

1161/46 

1487/45 

1713/45 

1878/41 

1822/42 

1598/44 

1330/44 

997/44 

660/49 

499/55 

Silver  Hill 

38.8° 

671/46 

900/45 

1253/42 

1615/40 

1891/38 

2046/37 

1902/39 

1692/40 

1463/38 

1087/39 

745/44 

600/46 

MASSACHUSETTS 

Amherst 

42.2° 

428/60 

652/56 

1106/46 

1279/51 

1589/48 

1895/41 

1902/39 

1622/41 

1217/46 

922/44 

564/51 

457/53 

Blue  Hill 

42.2° 

575/46 

792/47 

1121/45 

1397/47 

1736/44 

1906/41 

1843/41 

1600/40 

1298/40 

918/45 

583/50 

476/50 

Boston 

42.4° 

476/55 

709/53 

1015/50 

1325/49 

1619/47 

1816/44 

1748/45 

1486/47 

1259/44 

889/46 

503/57 

402/57 

Lynn 

42.5° 

435/59 

770/48 

1106/46 

1453/45 

1674/45 

1983/39 

1987/37 

1556/44 

1253/44 

852/48 

490/57 

369/60 

Natick 

42.3° 

560/47 

855/42 

1202/41 

1441/45 

1843/39 

1508/54 

1891/40 

1645/39 

1323/41 

962/41 

542/54 

494/48 

MICHIGAN 

Detroit 

42.2° 

417/60 

680/54 

999/51 

1398/47 

1714/44 

1865/42 

1834/41 

1574/44 

1252/45 

875/47 

473/59 

343/64 

East  Lansing 

42.7° 

446/57 

774/47 

1139/44 

1323/49 

1780/41 

2016/38 

1991/37 

1718/38 

1375/38 

940/42 

501/56 

398/57 

Flint 

43.0° 

383/63 

636/56 

956/53 

1339/49 

1657/46 

1812/44 

1795/42 

1554/44 

1195/46 

829/49 

429/62 

309/66 

Grand  Rapids 

42.9° 

369/64 

648/58 

1014/49 

1411/46 

1754/42 

1955/39 

1913/39 

1675/40 

1261/44 

858/47 

446/60 

311/66 

Lansing 

42.8° 

498/53 

785/46 

1135/44 

1320/49 

1839/39 

2038/37 

2006/36 

1773/36 

1390/38 

951/41 

516/55 

413/56 

Sault  Ste.  Marie 

46.5° 

325/63 

603/54 

1028/45 

1382/45 

1687/44 

1810/44 

1834/41 

1522/44 

1049/50 

673/54 

331/66 

253/66 

Traverse  City 

44.7° 

311/67 

567/58 

1000/48 

1404/46 

1728/44 

1911/40 

1908/39 

1608/41 

1165/46 

754/51 

377/64 

256/69 

MINNESOTA 

Duluth 

46.8° 

388/55 

673/47 

1034/45 

1372/46 

1631/46 

1766/45 

1853/40 

1546/42 

1095/48 

725/50 

380/59 

291/60 

Internat’l  Falls 

48.6° 

356/54 

662/45 

1045/41 

1442/41 

1715/42 

1852/42 

1920/38 

1618/39 

1121/45 

704/49 

345/60 

271/58 

Minn. -St.  Paul 

44.9° 

464/50 

763/45 

1102/44 

1440/44 

1736/42 

1927/40 

1969/37 

1686/39 

1254/42 

859/44 

480/54 

353/57 

Rochester 

43.9° 

476/51 

752/47 

1081/46 

1409/46 

1694/45 

1900/41 

1907/39 

1661/40 

1250/44 

869/45 

494/55 

370/58 

St.  Cloud 

45.6° 

627/31 

925/31 

1349/29 

1559/39 

1839/39 

1994/38 

2046/34 

1810/33 

1327/38 

888/41 

538/47 

453/44 

MISSISSIPPI 

Jackson 

32.3° 

753/51 

1026/46 

1368/42 

1707/39 

1940/37 

2023/37 

1907/39 

1780/39 

1508/40 

1271/38 

901/45 

708/44 

Meridian 

32.3° 

743/51 

1012/47 

1327/44 

1661/41 

1859/40 

1961/39 

1822/41 

1738/40 

1453/44 

1257/38 

896/45 

699/51 

MISSOURI 

Columbia 

39.0° 

612/50 

874/47 

1178/46 

1525/44 

1878/39 

2088/36 

2114/32 

1876/33 

1449/38 

1100/38 

703/47 

522/53 

Kansas  City 

39.3° 

647/47 

894/45 

1202/44 

1574/41 

1871/39 

2078/36 

2104/33 

1862/34 

1451/38 

1092/38 

737/44 

561/49 

St.  Louis 

38.7° 

627/49 

885/46 

1204/45 

1563/42 

1870/39 

2091/36 

2048/34 

1816/36 

1458/38 

1099/39 

718/46 

530/53 

Springfield 

37.2° 

683/48 

925/46 

1235/45 

1603/41 

1881/39 

2074/36 

2061/34 

1872/34 

1479/38 

1143/38 

775/45 

602/49 

MONTANA 

Billings 

45.8° 

486/46 

763/42 

1189/38 

1525/40 

1912/37 

2172/32 

2382/23 

2021/25 

1469/31 

986/33 

561/44 

421/47 

Dillon 

45.2° 

526/44 

845/37 

1279/33 

1638/36 

1988/34 

2142/33 

2391/23 

2022/25 

1520/29 

1022/32 

601/41 

450/45 

Glasgow 

48.2° 

387/50 

671/45 

1104/39 

1487/40 

1826/39 

2046/37 

2192/29 

1862/30 

1339/34 

877/37 

478/46 

333/50 

Great  Falls 

47.5° 

420/49 

719/42 

1169/37 

1487/40 

1847/38 

2100/34 

2327/25 

1932/28 

1377/33 

924/34 

498/46 

335/53 

Helena 

46.6° 

419/51 

708/45 

1145/39 

1486/41 

1859/38 

2038/37 

2333/25 

1929/29 

1412/33 

925/37 

521/46 

364/51 

Lewiston 

47.0° 

420/50 

692/46 

1128/39 

1443/42 

1806/40 

2058/36 

2286/27 

1900/30 

1371/34 

904/37 

502/47 

363/50 

Miles  City 

46.4° 

457/47 

745/42 

1184/37 

1541/39 

1894/37 

2144/33 

2296/27 

1976/27 

1443/31 

960/34 

550/44 

399/47 

Missoula 

46.9° 

312/63 

574/55 

981/47 

1382/45 

1781/41 

1932/40 

2326/25 

1880/30 

1357/36 

812/44 

409/57 

267/64 

Summit 

48.3° 

450/42 

597/50 

988/45 

1526/38 

1703/44 

1817/44 

2065/33 

1880/30 

1305/36 

796/42 

376/57 

280/58 

NEBRASKA 

Grand  Island 

41.0° 

660/41 

917/40 

1264/39 

1692/37 

1971/36 

2241/30 

2214/29 

1938/31 

1508/34 

1137/33 

738/40 

569/44 

Lincoln 

40.8° 

700/38 

940/39 

1279/39 

1563/41 

1829/40 

2009/38 

1979/37 

1873/33 

1519/33 

1198/30 

763/38 

634/38 

North  Omaha 

41.4° 

633/42 

891/41 

1221/41 

1558/41 

1871/39 

2121/34 

2105/33 

1857/33 

1372/40 

1049/38 

644/47 

511/49 

North  Platte 

41.1° 

692/38 

958/38 

1332/36 

1723/34 

1987/34 

2265/30 

2275/28 

1988/24 

1564/31 

1176/30 

759/38 

605/40 

Scotts  Bluff 

41.9° 

675/38 

950/37 

1307/37 

1667/37 

1932/37 

2235/31 

2282/28 

1998/29 

1598/29 

1145/31 

723/39 

575/41 

NEVADA 

Elko 

40.8° 

689/39 

1034/33 

1462/30 

1898/29 

2302/24 

2532/21 

2621/16 

2314/18 

1891/18 

1322/22 

812/34 

616/40 

Ely 

39.3° 

819/32 

1140/30 

1605/25 

2008/25 

2309/24 

2511/22 

2445/22 

2229/21 

1934/19 

1407/21 

925/29 

722/34 

Appendix  B 


INSOLATION  AND  PERCENT 
DIFFUSE  TABLES,  CONTINUED 


BTU  per  sq.  ft.  per  day/  % DIFFUSE 


City 

Lat. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec, 

Las  Vegas 

39.1“ 

977/28 

1338/23 

1822/19 

2318/15 

2644/14 

2776/13 

2587/18 

2353/18 

2036/16 

1538/19 

1085/25 

880/30 

Lovelock 

40.1  “ 

803/31 

1165/27 

1655/22 

2164/19 

2553/16 

2747/15 

2782/12 

2482/12 

2026/12 

1450/16 

929/27 

714/32 

Reno 

39.5“ 

800/33 

1149/29 

1648/23 

2158/20 

2521/18 

2700/16 

2690/14 

2404/15 

1996/14 

1430/19 

911/30 

705/34 

Tonopah 

38.1“ 

918/28 

1273/23 

1776/19 

2250/18 

2576/16 

2786/13 

2701/14 

2437/14 

2041/14 

1520/16 

1030/24 

826/29 

Winnemucca 

40.9“ 

690/39 

1027/33 

1471/30 

1966/25 

2360/23 

2568/20 

2676/14 

2347/16 

1906/16 

1321/22 

809/34 

618/39 

NEW  HAMPSHIRE 

Concord 

43.2“ 

459/55 

686/53 

973/51 

1316/49 

1581/48 

1704/47 

1673/47 

1455/47 

1139/48 

816/49 

462/58 

362/60 

NEW  JERSEY 

Atlantic  City 

39.4“ 

652/46 

940/41 

1419/33 

1593/40 

1817/41 

2112/34 

2094/33 

1758/38 

1445/38 

1103/37 

778/40 

586/46 

Lakehurst 

40.0“ 

559/53 

796/49 

1108/48 

1455/46 

1671/46 

1773/45 

1702/46 

1531/46 

1260/46 

955/45 

621/51 

475/55 

Newark 

40.7“ 

551/51 

793/49 

1108/47 

1448/46 

1686/45 

1794/45 

1758/44 

1564/45 

1272/45 

950/45 

596/51 

454/56 

Trenton 

40.2“ 

638/45 

900/42 

1264/40 

1563/41 

1810/41 

2013/38 

1991/37 

1729/39 

1434/38 

1084/38 

719/42 

571/46 

NEW  MEXICO 

Albuquerque 

35.0“ 

1016/28 

1341/25 

1766/23 

2227/20 

2537/18 

2677/16 

2487/21 

2289/21 

1971/20 

1545/20 

1133/24 

1927/29 

Farmington 

36.7“ 

944/29 

1280/25 

1692/24 

2132/22 

2450/21 

2664/18 

2477/21 

2251/21 

1933/20 

1478/21 

1046/27 

837/31 

Roswell 

33.4“ 

1046/30 

1372/27 

1806/23 

2216/21 

2458/21 

2608/19 

2439/22 

2240/23 

1912/23 

1526/23 

1131/28 

951/31 

Zuni 

35.1“ 

985/30 

1296/28 

1686/27 

2165/22 

2472/20 

2600/19 

2263/28 

2077/28 

1893/23 

1495/23 

1087/28 

892/31 

NEW  YORK 

Albany 

42.7“ 

502/53 

766/48 

1104/46 

1493/42 

1760/42 

1950/39 

1957/37 

1699/39 

1316/41 

918/44 

525/54 

399/57 

Binghamton 

42.2“ 

386/64 

575/62 

860/58 

1241/53 

1493/51 

1680/48 

1658/47 

1424/49 

1131/49 

778/53 

414/65 

297/68 

Buffalo 

42.9“ 

349/66 

546/63 

888/56 

1314/49 

1596/48 

1806/44 

1776/44 

1512/46 

1151/48 

784/51 

403/64 

284/69 

Ithaca 

42.4“ 

450/57 

748/49 

1040/49 

1283/51 

1729/44 

1987/38 

1972/37 

1696/39 

1312/41 

914/45 

461/60 

365/62 

Massena 

44.9“ 

431/54 

692/49 

1095/44 

1500/41 

1808/40 

2006/38 

1987/37 

1687/38 

1267/41 

830/46 

448/57 

330/60 

New  York 

40.8“ 

500/56 

720/54 

1036/50 

1363/49 

1635/47 

1709/47 

1686/46 

1482/47 

1213/47 

895/48 

533/57 

403/60 

Rochester 

43.1“ 

364/65 

569/62 

903/55 

1338/48 

1605/47 

1816/44 

1780/44 

1518/45 

1159/48 

781/51 

403/64 

281/69 

Schenectady 

42.8“ 

479/54 

741/49 

1010/50 

1253/51 

1526/50 

1655/49 

1637/48 

1471/47 

1106/50 

807/50 

476/58 

383/58 

Syracuse 

43.1  “ 

385/63 

571/60 

890/56 

1323/49 

1577/48 

1777/45 

1757/44 

1502/46 

1165/48 

777/51 

398/65 

285/68 

NORTH  CAROLINA 

Asheville 

35.4“ 

721/48 

970/46 

1305/42 

1660/40 

1803/41 

1854/42 

1775/44 

1626/44 

1360/45 

1146/40 

848/42 

657/49 

Cape  Hatteras 

35.3“ 

685/51 

952/47 

1325/41 

1773/36 

1960/37 

2035/37 

1919/39 

1 705/41 

1470/40 

1136/41 

873/41 

659/49 

Charlotte 

35.2“ 

719/49 

970/46 

1314/42 

1694/39 

1854/40 

1920/40 

1830/41 

1694/41 

1415/42 

1173/39 

865/42 

672/50 

Cherry  Point 

34.9“ 

756/47 

1024/44 

1386/39 

1793/36 

1923/38 

1937/39 

1828/41 

1633/44 

1433/42 

1169/40 

906/40 

718/45 

Greensboro 

36.1  “ 

715/47 

969/45 

1312/41 

1682/39 

1867/39 

1952/39 

1862/40 

1695/41 

1417/41 

1140/40 

838/42 

658/47 

Raleigh 

35.8“ 

693/49 

942/47 

1275/44 

1643/40 

1807/41 

1863/42 

1774/44 

1610/44 

1376/44 

1104/42 

812/45 

635/49 

Raleigh-Durham 

35.9“ 

793/42 

1043/41 

1379/39 

1780/36 

1905/38 

1976/39 

2038/36 

1773/38 

1463/40 

1165/39 

885/39 

719/42  1 

NORTH  DAKOTA 

Bismarck 

46.8“ 

467/46 

775/39 

1168/38 

1458/42 

1847/39 

2059/36 

2182/30 

1876/31 

1353/36 

907/38 

507/47 

372/49 

Fargo 

46.9“ 

415/51 

705/45 

1097/41 

1475/41 

1833/39 

1993/38 

2119/32 

1824/32 

1303/38 

874/39 

457/51 

337/54 

Minot 

OHIO 

48.2“ 

383/51 

655/46 

1043/42 

1460/41 

1845/38 

1973/39 

2097/32 

1799/32 

1276/38 

849/39 

439/50 

310/54 

Akron 

40.9“ 

428/62 

649/58 

963/54 

1356/49 

1667/46 

1838/44 

1786/44 

1595/44 

1271/45 

907/47 

505/59 

353/65 

Cleveland 

41.4“ 

388/65 

601/60 

922/56 

1349/49 

1680/45 

1842/42 

1826/41 

1581/44 

1239/46 

866/48 

466/62 

318/68 

Columbus 

40.0“ 

459/60 

676/57 

979/54 

1352/49 

1646/49 

1811/44 

1754/45 

1640/42 

1279/45 

949/46 

537/57 

387/64 

Dayton 

39.9“ 

489/58 

725/55 

1025/51 

1402/48 

1699/45 

1872/42 

1809/42 

1644/41 

1317/44 

969/45 

564/56 

407/62 

Put-in-Bay 

41.6“ 

442/58 

734/51 

1077/48 

1360/48 

1821/40 

1998/38 

2090/33 

1902/32 

1471/34 

1087/34 

579/51 

409/58 

Toledo 

41.6“ 

435/60 

680/55 

996/51 

1383/48 

1715/44 

1877/41 

1848/41 

1615/42 

1275/44 

910/46 

498/58 

355/64 

Youngstown 

41.3“ 

385/65 

586/62 

889/57 

1278/51 

1585/48 

1758/46 

1733/45 

1506/46 

1193/48 

851/49 

456/63 

315/68 

OKLAHOMA 

Oklahoma  City 

35.4“ 

800/42 

1054/41 

1399/38 

1724/38 

1917/38 

2142/33 

2127/32 

1949/32 

1553/37 

1232/36 

901/39 

725/44 

Stillwater 

36.1“ 

763/44 

1054/40 

1430/37 

1681/39 

1851/40 

2186/32 

2186/30 

1998/30 

1677/31 

1268/31 

947/34 

752/40 

Tulsa 

36.2“ 

731/46 

977/45 

1305/42 

1602/41 

1821/41 

2019/37 

2029/36 

1864/34 

1471/39 

1163/39 

827/42 

659/47 

OREGON 

Astoria 

46.2“ 

314/64 

545/58 

866/54 

1252/50 

1607/47 

1625/49 

1745/44 

1498/45 

1183/45 

712/51 

387/60 

261/66 

Burns 

43.6“ 

490/51 

792/45 

1186/40 

1648/37 

2051/32 

2278/29 

2459/21 

2082/24 

1619/27 

1042/34 

593/46 

431/51 

Corvallis 

44.5“ 

500/48 

738/47 

1027/47 

1397/46 

1671/45 

1836/44 

1770/44 

1633/40 

1310/40 

989/36 

588/45 

432/49 

Medford 

42.4“ 

407/62 

737/50 

1132/45 

1638/38 

2032/33 

2276/29 

2473/21 

2120/24 

1588/29 

981/40 

504/56 

336/65 

North  Bend 

43.4“ 

439/57 

704/50 

1058/47 

1508/42 

1856/39 

1993/38 

2106/32 

1785/36 

1376/38 

892/44 

524/53 

380/58 

Pendleton 

45.7“ 

348/62 

613/54 

1043/46 

1501/41 

1924/37 

2143/33 

2394/23 

1993/27 

1501/30 

908/39 

438/56 

292/63 

Portland 

45.6“ 

310/66 

554/58 

895/54 

1307/49 

1662/45 

1772/45 

2036/34 

1672/39 

1216/44 

723/51 

387/62 

260/67 

Redmond 

44.3“ 

490/49 

774/45 

1190/39 

1682/34 

2078/31 

2286/29 

2444/22 

2068/24 

1583/28 

999/36 

571/47 

424/50 

Salem 

44.9“ 

332/65 

587/57 

947/51 

1369/47 

1796/42 

1847/42 

2141/31 

1773/36 

1328/39 

769/50 

410/60 

277/66 

PENNSYLVANIA 

Allentown 

40.6“ 

527/54 

763/51 

1078/48 

1409/47 

1636/47 

1 776/45 

1764/44 

1545/45 

1237/46 

925/46 

568/54 

430/58 

Avoca 

41.3“ 

454/59 

688/55 

991/53 

1338/49 

1589/48 

1758/46 

1744/45 

1512/46 

1198/47 

896/47 

490/59 

368/63 

Erie 

42.1  “ 

345/68 

577/62 

919/55 

1358/48 

1645/46 

1846/42 

1832/41 

1454/48 

1200/47 

827/50 

416/65 

277/71 

Harrisburg 

40.2“ 

535/54 

770/51 

1082/49 

1410/47 

1651/46 

1803/44 

1762/44 

1550/45 

1265/45 

933/46 

579/54 

447/57 

Philadelphia 

39.9“ 

555/53 

794/50 

1108/48 

1433/47 

1659/46 

1810/44 

1757/44 

1574/45 

1280/45 

958/45 

619/51 

470/56 

Pittsburgh 

40.5“ 

424/62 

625/60 

942/53 

1316/50 

1601/48 

1761/46 

1689/46 

1510/46 

1208/48 

895/48 

504/59 

346/66 

State  College 

40.8“ 

512/55 

745/51 

1095/48 

1375/48 

1721/44 

2006/38 

1947/38 

1674/40 

1331/42 

1014/40 

571/54 

442/57 

RHODE  ISLAND 

Newport 

41.5“ 

571/48 

852/44 

1217/41 

1456/45 

1803/41 

1983/39 

1817/39 

1655/41 

1401/38 

1006/40 

645/46 

520/48 

Providence 

41.7“ 

506/54 

738/51 

1031/50 

1373/48 

1654/46 

1774/45 

1694/46 

1498/47 

1208/47 

906/46 

537/55 

418/57 

SOUTH  CAROLINA 

Charleston 

32.9“ 

744/50 

995/47 

1338/44 

1731/38 

1859/40 

1843/42 

1798/42 

1584/46 

1393/45 

1192/41 

933/41 

720/48  1 

Columbia 

33.9“ 

761/48 

1020/45 

1354/41 

1745/37 

1893/39 

1946/39 

1840/41 

1701/41 

1438/42 

1211/39 

920/40 

721/47 

Grnvie.-Sptnbrg 

SOUTH  DAKOTA 

34.9“ 

729/49 

981/46 

1328/41 

1697/39 

1838/39 

1918/39 

1830/40 

1699/40 

1405/42 

1180/34 

880/40 

670/49 

Huron 

44.4“ 

488/49 

744/47 

1113/44 

1529/40 

1870/38 

2100/34 

2181/30 

1891/31 

1417/34 

988/37 

577/46 

405/53 

Pierre 

44.4“ 

529/45 

794/42 

1205/38 

1613/38 

1965/36 

2193/32 

2277/27 

1991/28 

1495/31 

1051/32 

623/41 

442/48 

City 

Lat. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Rapid  City 

44.1  ° 

542/45 

826/41 

1228/38 

1588/38 

1885/38 

2130/33 

2222/29 

1961/29 

1517/31 

1063/32 

646/40 

476/45 

Sioux  Falls 

43.6° 

532/47 

801/44 

1152/42 

1542/40 

1892/38 

2098/34 

2149/31 

1843/33 

1409/36 

1005/37 

607/45 

441/50 

TENNESSEE 

Chattanooga 

35.0° 

630/53 

858/53 

1176/48 

1549/44 

1730/44 

1830/42 

1734/45 

1629/44 

1335/46 

1108/42 

772/48 

580/55 

Memphis 

35.0° 

682/51 

944/48 

1277/44 

1638/41 

1884/39 

2043/37 

1971/37 

1823/37 

1470/40 

1204/38 

816/46 

628/51 

Nashville 

36.0° 

601/65 

882/59 

1188/56 

1638/49 

1911/46 

2081/43 

2033/43 

1845/44 

1561/44 

1199/46 

808/57 

605/60 

Oak  Ridge 

36.0° 

612/55 

877/50 

1202/47 

1648/40 

1898/38 

2009/38 

1921/39 

1755/39 

1537/37 

1 1 76/38 

778/47 

593/53 

TEXAS 

Abilene 

32.4° 

923/40 

1182/38 

1575/33 

1842/34 

2036/34 

2208/31 

2138/32 

1955/32 

1596/37 

1313/36 

1007/38 

863/39 

Amarillo 

35.2° 

960/31 

1242/31 

1630/29 

2017/27 

2210/29 

2392/25 

2279/28 

2102/27 

1759/28 

1403/28 

1032/31 

871/32 

Big  Spring 

32.2° 

988/36 

1268/33 

1718/28 

2126/23 

2109/32 

2186/31 

2035/34 

1725/41 

1928/23 

1423/30 

1073/33 

958/33 

Brownsville 

25.9° 

912/50 

1135/47 

1456/42 

1736/40 

1926/38 

2114/32 

2211/29 

2026/31 

1692/37 

1438/37 

1054/45 

862/50 

Corpus  Christ! 

27.8° 

897/48 

1146/45 

1437/42 

1641/42 

1865/39 

2092/33 

2184/30 

1989/32 

1686/36 

1415/36 

1072/42 

844/48 

Dallas 

32.8° 

821/46 

1071/44 

1421/40 

1626/42 

1887/39 

2134/33 

2120/32 

1949/33 

1586/37 

1275/37 

936/41 

779/45 

El  Paso 

31.8° 

1124/28 

1479/23 

1908/20 

2362/16 

2599/16 

2680/16 

2449/22 

2283/22 

1986/22 

1638/21 

1243/24 

1030/29 

Fort  Worth 

32.8° 

800/47 

1063/44 

1401/40 

1610/42 

1882/39 

2145/33 

2146/31 

1972/32 

1610/36 

1276/37 

926/42 

757/46 

Houston 

30.0° 

772/53 

1034/48 

1296/47 

1522/47 

1773/42 

1897/40 

1827/41 

1685/42 

1470/42 

1275/40 

924/47 

729/53 

Kingsville 

27.5° 

911/48 

1161/45 

1434/42 

1662/42 

1863/39 

2035/36 

2110/32 

1921/34 

1624/38 

1389/37 

1034/44 

849/48 

Lubbock 

33.6° 

1030/30 

1331/29 

1761/24 

2166/22 

2394/22 

2543/21 

2410/23 

2207/24 

1819/27 

1467/27 

1116/29 

934/31 

Lufkin 

31.2° 

793/50 

1068/46 

1375/42 

1623/42 

1865/40 

2054/36 

2005/36 

1862/36 

1529/40 

1348/36 

962/42 

767/48 

Midland 

31.9° 

1080/30 

1382/29 

1838/23 

2191/22 

2429/21 

2561/20 

2388/23 

2208/24 

1843/28 

1521/27 

1176/28 

999/31 

Port  Arthur 

29.9° 

800/51 

1070/47 

1353/45 

1609/44 

1869/39 

2009/37 

1845/41 

1735/41 

1526/41 

1321/38 

952/45 

754/51 

San  Angelo 

31.4° 

961/39 

1207/38 

1605/33 

1849/34 

2030/34 

2185/31 

2121/32 

1965/32 

1606/37 

1336/36 

1043/37 

894/39 

San  Antonio 

29.5° 

895/46 

1154/44 

1449/41 

1611/44 

1893/39 

2068/34 

2120/32 

1946/33 

1634/37 

1349/37 

1008/42 

846/46 

Waco 

31.6° 

832/47 

1095/44 

1427/40 

1611/42 

1773/42 

2111/33 

2129/32 

1957/33 

1600/37 

1301/37 

956/42 

802/45 

Wichita  Falls 

34.0° 

861/41 

1122/39 

1471/37 

1762/37 

2016/34 

2220/31 

2165/31 

1968/32 

1601/36 

1291/34 

956/38 

799/41 

UTAH 

785/33 

Cedar  City 

37.7° 

881/31 

1179/30 

1634/25 

2091/23 

2466/20 

2704/16 

2502/20 

2240/21 

1967/18 

1459/21 

992/28 

Salt  Lake  City 

40.8° 

638/44 

988/37 

1453/30 

1893/29 

2361/23 

2559/21 

2588/18 

2252/20 

1842/20 

1293/24 

787/36 

570/45 

VERMONT 

Burlington 

44.5° 

425/56 

678/51 

1055/46 

1449/44 

1766/41 

1949/39 

1950/38 

1672/39 

1264/42 

834/46 

433/59 

320/63 

VIRGINIA 

619/44 

Mt.  Weather 

39.1  ° 

634/48 

1010/38 

1246/42 

1526/44 

1873/39 

1935/40 

1880/40 

1585/44 

1382/42 

1036/41 

745/44 

Norfolk 

36.9° 

678/49 

932/46 

1280/42 

1676/39 

1886/39 

1999/38 

1852/41 

1679/41 

1395/41 

1082/41 

811/41 

623/48 

Richmond 

37.8° 

631/50 

876/48 

1210/45 

1565/42 

1761/42 

1871/42 

1773/44 

1599/44 

1347/44 

1032/44 

733/47 

566/51 

Roanoke 

37.3° 

660/49 

899/47 

1235/45 

1581/42 

1763/42 

1881/41 

1795/42 

1619/44 

1357/44 

1080/41 

764/45 

590/50 

WASHINGTON 

221/69 

Olympia 

47.0° 

269/68 

503/60 

844/55 

1255/50 

1631/46 

1692/47 

1912/39 

1548/42 

1156/45 

636/56 

339/64 

Prosser 

46.2° 

431/50 

818/37 

1294/31 

1921/24 

2271/24 

2507/22 

2606/16 

2227/18 

1689/20 

1010/31 

501/48 

369/51 

Pullman 

46.7° 

453/47 

671/48 

1095/41 

1681/33 

1998/33 

2529/21 

2603/16 

2035/24 

1578/24 

944/34 

542/44 

354/53 

Richland 

46.3° 

317/64 

741/44 

1228/34 

1721/32 

1902/37 

2385/25 

2124/32 

2216/19 

1430/32 

844/42 

457/53 

365/53 

Seattle 

47.4° 

288/65 

501/59 

973/47 

1460/41 

1847/38 

1921/40 

2090/32 

1685/38 

1209/41 

697/51 

391/57 

236/67 

Spokane 

47.7° 

314/62 

606/51 

1040/44 

1494/40 

1917/36 

2082/36 

2355/24 

1941/28 

1434/31 

840/40 

397/56 

255/64 

Tacoma 

47.2° 

262/68 

495/60 

849/54 

1293/48 

1713/42 

1801/44 

2246/28 

1615/40 

1146/45 

656/54 

337/64 

211/71 

Whidbey  Is. 

48.3° 

293/65 

532/55 

917/50 

1345/45 

1760/40 

1820/45 

1981/35 

1592/40 

1173/40 

655/53 

357/60 

233/67 

WEST  VIRGINIA 

613/55 

440/62 

Charleston 

38.4° 

498/60 

706/57 

1009/54 

1355/50 

1639/47 

1774/45 

1682/47 

1514/47 

1272/46 

971/46 

Parkersburg 

39.3° 

527/56 

745/54 

1113/48 

1397/48 

1795/41 

1994/38 

1939/38 

1784/37 

1453/38 

1047/41 

616/53 

487/56 

WISCONSIN 

826/46 

450/57 

341/59 

Eau  Claire 

44.9° 

452/53 

746/46 

1089/44 

1425/45 

1680/45 

1870/42 

1885/40 

1619/41 

1196/45 

Green  Bay 

44.5° 

451/53 

725/48 

1103/44 

1438/44 

1718/44 

1906/41 

1887/39 

1621/41 

1217/44 

820/47 

465/56 

350/59 

La  Crosse 

43.9° 

481/51 

764/46 

1100/45 

1426/45 

1712/44 

1904/41 

1899/39 

1665/40 

1242/44 

893/46 

494/55 

369/58 

Madison 

43.1° 

515/50 

803/45 

1135/44 

1397/46 

1742/42 

1947/40 

1933/38 

1707/38 

1299/41 

910/44 

504/55 

388/57 

Milwaukee 

42.9° 

479/54 

736/49 

1088/46 

1441/45 

1767/42 

1976/39 

1960/38 

1718/38 

1309/41 

907/44 

524/54 

378/59 

WYOMING 

764/32 

593/36 

Casper 

42.9° 

682/34 

1013/30 

1441/29 

1846/29 

2202/28 

2500/22 

2533/19 

2224/20 

1 749/21 

1218/24 

Cheyenne 

41.1° 

765/31 

1067/30 

1432/31 

1769/33 

1994/34 

2257/30 

2229/29 

1965/30 

1666/27 

1241/27 

822/32 

671/33 

Lander 

42.8° 

848/19 

1183/19 

1662/18 

2038/22 

2156/29 

2488/23 

2389/23 

2138/23 

1711/23 

1312/19 

874/23 

726/22 

Laramie 

41.3° 

826/25 

1099/28 

1563/24 

1836/31 

2020/33 

2311/29 

2186/30 

1939/31 

1548/32 

1176/30 

837/31 

675/32 

Rock  Springs 
Sheridan 

41.6° 

734/33 

1088/28 

1530/25 

1943/27 

2343/23 

2573/20 

2546/19 

2238/20 

1832/19 

1305/22 

826/31 

650/34 

44.8° 

517/45 

787/42 

1204/38 

1537/40 

1882/38 

2155/33 

2327/25 

2005/27 

1500/31 

1005/34 

590/44 

441/47 

ALBERTA 

Edmonton 

Lethbridge 

BRITISH  COLUMBIA 

Vancouver 

MANITOBA 

Churchill 

Winnipeg 

NEW  BRUNSWICK 

Moncton 

NEWFOUNDLAND 

St.  Johns 
ONTARIO 
Ottawa 
Sapuskasing 
Toronto 
QUEBEC 
Montreal 


53.6° 

49.6° 

49.0° 

58.7° 

49.9° 

46.1  ° 

47.5° 

45.4° 

49.4° 

43.7° 

45.5° 


328/39 

442/38 

280/63 

240/23 

483/31 

369/58 

295/64 

531/42 

405/45 

446/55 

405/56 


649/32 

774/32 

383/67 

553/23 

829/27 

664/51 

553/56 

841/37 

700/39 

682/51 

737/45 


1150/28 

1253/29 

689/62 

1124/18 

1338/23 

1069/44 

885/51 

1235/36 

1143/34 

1077/46 

1180/38 


1522/34 

1548/37 

1264/48 

1640/24 

1618/33 

1401/45 

1180/53 

1486/41 

1364/45 

1372/47 

1435/42 


1876/36 

1917/36 

1 725/42 

1880/33 

1880/37 

1622/46 

1475/50 

1832/39 

1512/49 

1762/42 

1733/42 


1891/41 

2138/33 

1777/45 

1954/38 

1935/40 

1659/48 

1585/50 

2057/36 

1770/45 

1917/40 

1806/44 


1939/37 

2249/28 

2009/36 

1862/38 

2094/32 

1733/45 

1622/48 

2016/36 

1770/42 

1943/38 

1880/40 


1508/41 

1917/28 

1467/45 

1401/42 

1740/34 

1512/45 

1253/54 

1 729/37 
1475/45 
1600/42 

1622/40 


1099/40 

1364/31 

929/54 

829/49 

1179/41 

1143/46 

1032/50 

1309/39 

995/50 

1268/42 

1143/47 


693/39 

885/33 

590/56 

424/53 

756/42 

774/48 

627/56 

815/46 

590/56 

826/48 

737/51 


409/36 

516/37 

350/58 

221/45 

439/46 

405/58 

295/67 

453/55 

295/64 

453/58 

369/64 


245/44 

332/46 

206/67 

129/42 

339/44 

332/57 

258/64 

402/50 

295/53 

350/60 

295/63 


Appendix  C 


TABLE  12/COLLECTOR 
TILT  FACTORS 


LATITUDE 

JAN 

FEB 

MAR 

APR 

MAY 

JUNE 

. JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 

1 20%  Diffuse 

COLLECTOR 
TILT  = 

LAT.  - 15° 

24° 

32° 

40° 

48 

1.13 

1.34 

1.67 

2.18 

1,09 

1.24 

1.41 

1.64 

1.04 

1.11 

1.23 

1.51 

1.00 

0.99 

1.01 

1.10 

0.97 

0.93 

0.90 

0.96 

0.96 

0.94 

0.90 

0.80 

0.97 

0.92 

0.89 

0.95 

1.00 

0.98 

1.02 

1.08 

1.04 

1.11 

1.21 

1.43 

1.10 

1.28 

1.42 

1.73 

1.12 

1.34 

1.73 

2.26 

1.15 

1.42 

1.76 

2.56 

COLLECTOR 
TILT  = 
LATITUDE 

24° 

32° 

40 

48 

1.31 

1,56 

1,95 

2.53 

1.21 

1.39 

1.55 

1.80 

1.08 

1.16 

1.28 

1.57 

0.95 

0.97 

0.98 

1.08 

0.87 

0.79 

0.75 

0.90 

0.85 

0.76 

0.75 

0,74 

0.87 

0.78 

0.74 

0.89 

0.94 

0,96 

1.00 

1.05 

1.08 

1.15 

1.25 

1.49 

1.21 

1.45 

1.57 

1.90 

1.28 

1.56 

2.05 

2.63 

1.37 

1.71 

2.10 

3.04 

COLLECTOR 
TILT  = 

LAT.  + 15° 

24° 

32° 

40° 

48° 

1.40 

1.69 

2.11 

2.72 

1.25 

1.45 

1.60 

1.85 

1.06 

1.13 

1.25 

1.54 

0.80 

0.89 

0.91 

1.00 

0.70 

0.59 

0.67 

0.79 

0.67 

0.55 

0.65 

0.65 

0.70 

0.58 

0.66 

0.78 

0.79 

0.88 

0.92 

0.97 

1.05 

1.12 

1.23 

1,45 

1.27 

1.54 

1.63 

1.98 

1.36 

1.68 

2.24 

2.84 

1.50 

1.89 

2.30 

3.34 

40%  Diffuse 

COLLECTOR 
TILT  = 

LAT  - 15° 

24° 

32° 

40° 

48° 

1.10 

1,27 

1.52 

1.93 

1.07 

1.20 

1.33 

1.50 

1.03 

1.09 

1.18 

1.42 

1.00 

0.98 

0.98 

1.06 

0.97 

0.93 

0.89 

0.94 

0.96 

0.95 

0.89 

0.78 

0.97 

0.92 

0.89 

0.93 

1.00 

0.97 

1.00 

1.04 

1.03 

1.09 

1.16 

1.35 

1.07 

1.22 

1.34 

1.57 

1.09 

1.26 

1.59 

2.02 

1.12 

1.33 

1.61 

2.23 

COLLECTOR 
TILT  = 
LATITUDE 

24° 

32° 

40° 

48° 

1.24 

1.44 

1.74 

2.20 

1.16 

1.31 

1.44 

1.61 

1.06 

1.12 

1.21 

1.45 

0.95 

0.96 

0.96 

1.03 

0.88 

0.79 

0.74 

0.88 

0.86 

0.76 

0.74 

0.73 

0.88 

0.78 

0.73 

0.87 

0.94 

0.95 

0.97 

1.01 

1.05 

1.11 

1.19 

1.38 

1.17 

1.36 

1.46 

1.71 

1.21 

1.43 

1.84 

2.31 

1.28 

1.56 

1.87 

2.60 

COLLECTOR 
TILT  = 

LAT.  + 15 

24° 

32° 

40° 

48° 

1.32 

1.53 

1.85 

2.34 

1.19 

1.36 

1.47 

1.64 

1.03 

1.09 

1.18 

1.41 

0.80 

0.89 

0.88 

0.95 

0.72 

0.59 

0.67 

0.78 

0.69 

0.56 

0.66 

0.64 

0.72 

0.58 

0.66 

0.77 

0.79 

0.88 

0.90 

0.93 

1.03 

1.08 

1.15 

1.34 

1.20 

1.42 

1.50 

1.75 

1.26 

1.52 

1.98 

2.46 

1.38 

1.70 

2.03 

2.82 

1 60%  Diffuse 

COLLECTOR 
TILT  = 

LAT.  - 15° 

24° 

32° 

40° 

48° 

1.07 

1.20 

1.38 

1.69 

1.05 

1.15 

1.25 

1.35 

1.02 

1.06 

1.13 

1.33 

1.00 

0.97 

0.96 

1.02 

0.98 

0.93 

0.88 

0.92 

0.97 

0.95 

0.89 

0.77 

0.98 

0.92 

0.88 

0.91 

0.99 

0.96 

0.98 

1.00 

1.02 

1.06 

1,12 

1.27 

1.05 

1.17 

1.26 

1.42 

1.06 

1.19 

1.45 

1.77 

1.09 

1.25 

1.46 

1.90 

COLLECTOR 
TILT  = 
LATITUDE 

24° 

32° 

40° 

48° 

1.17 

1.31 

1.53 

1.87 

1.11 

1.24 

1.32 

1.42 

1.04 

1.07 

1.14 

1.34 

0.94 

0.94 

0.93 

0.99 

0.89 

0.79 

0,73 

0.86 

0.87 

0.76 

0.74 

0.72 

0.89 

0.78 

0.73 

0.85 

0.93 

0.94 

0.95 

0.97 

1.03 

1.07 

1.12 

1.28 

1.12 

1.26 

1.35 

1.51 

1.13 

1.30 

1.63 

1,98 

1.20 

1.41 

1.65 

2,16 

COLLECTOR 
TILT  = 

LAT.  + 15° 

24° 

32° 

40° 

48° 

1.22 

1.37 

1.60 

1.96 

1.13 

1.26 

1.34 

1.43 

1.00 

1.04 

1.10 

1.29 

0.80 

0.88 

0.86 

0.91 

0.73 

0.59 

0.66 

0.77 

0.71 

0.56 

0.66 

0.64 

0.73 

0.58 

0.66 

0.76 

0.79 

0.87 

0.88 

0.89 

1.00 

1.03 

1.08 

1.23 

1.13 

1.30 

1.37 

1.52 

1.16 

1.36 

1.72 

2.09 

1.25 

1.50 

1.76 

2.31 

80%  Diffuse 

COLLECTOR 
TILT  = 

LAT.  - 15° 

24° 

32° 

40° 

48 

1.04 

1.12 

1.24 

1.44 

1.03 

1.11 

1.17 

1.22 

1.01 

1.04 

1.08 

1.24 

1.00 

0.96 

0.94 

0.98 

0.98 

0.93 

0.88 

0.90 

0.97 

0.96 

0.88 

0.75 

0.98 

0.92 

0.87 

0.89 

0.99 

0.96 

0.96 

0.97 

1.01 

1.04 

1.07 

1.19 

1.03 

1.11 

1.18 

1.27 

1,04 

1.12 

1.30 

1.53 

1.05 

1.16 

1.31 

1.57 

COLLECTOR 
TILT  = 
LATITUDE 

24° 

32° 

40° 

48 

1.10 

1.19 

1.33 

1.55 

1.07 

1.16 

1.21 

1.25 

1.01 

1.03 

1.07 

1.22 

0.94 

0.93 

0.90 

0.94 

0.90 

0.79 

0.73 

0.84 

0.89 

0.77 

0.74 

0.70 

0.90 

0.78 

0.72 

0.84 

0.93 

0.93 

0.93 

0.93 

1.01 

1.03 

1.06 

1.18 

1.07 

1.17 

1.23 

1.31 

1.06 

1.18 

1.42 

1.66 

1.11 

1.26 

1.43 

1.72 

COLLECTOR 
TILT  = 

LAT.  + 15° 

24° 

32° 

40° 

48° 

1.12 

1.21 

1.35 

1.58 

1.06 

1.17 

1.20 

1.23 

0.98 

0.99 

1.02 

1.16 

0.80 

0.87 

0.83 

0.87 

0.75 

0.60 

0.66 

0.76 

0.73 

0.57 

0.66 

0.63 

0.75 

0.59 

0.65 

0.75 

0.79 

0.86 

0.86 

0.85 

0.97 

0.99 

1.01 

1.12 

1.06 

1.18 

1.24 

1.29 

1.05 

1.19 

1.47 

1.71 

1.13 

1.31 

1.49 

1.79 
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The  future  is  bright  for  tomorrow’s  supply  of  copper.  Copper 
is  plentiful  in  the  United  States.  Natural  abundance  plus 
recycling  make  the  nation  essentially  self-sufficient  in  cop- 
per. Moreover,  copper’s  production  is  energy  efficient. 

Visualize  the  copper  on  earth  as  a cone  of  resources.  Up 
to  now  man  has  found,  extracted  and  put  into  recycling  use 
a slice  off  the  tip  of  that  cone.  Below  that  slice  are  the 


u.s. 


'■  10%  Ore 
c%\  '9.^5%0re 


COPPER 
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Resources 
waiting 
to  be 
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discovered 


This  has 
been  mined 
and  is  being 
recycled 
in  use 


Reserves 
waiting 
to  be  mined 
and  used 

\ 

\ 

\ 

\ 
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known  reserves  of  copper  waiting  to  be  mined  and  used. 
Behind  those  reserves  are  the  rest  of  the  earth’s  copper 
resources,  known  to  exist  but  which  may  not  yet  be  pre- 
cisely located  or  economically  or  legally  recoverable.  The 
most  recent  Bureau  of  Mines  estimate  is:  copper  in  U.S. 
ore  reserves,  202 billion  pounds;  copper  in  additional  U.S. 
ore  resources,  640  billion  pounds.  This  total  of  842  billion 
pounds  of  U.S.  copper  resources  is  about  250  times  current 
annual  U.S.  requirements,  which  have  averaged  3.2  billion 
pounds  in  the  1970’s. 

In  addition  to  the  plentiful  supply  of  new  copper,  there  is 
another  naturally  occurring  copper  resource  that  no  other 
metal  can  match:  ease  of  recycling.  Today,  almost  half  the 
copper  in  U.S.  mill  and  foundry  products  comes  from  re- 
cycled scrap.  During  the  1970’s,  an  average  of  3.2  billion 


pounds  came  from  newly-mined  ore  each  year  and  2.8 
billion  pounds  (47%  of  total  copper  production)  from  U.S. 
scrap  resources. 

Although  copper  is  mined  around  the  world,  the  U.S.  is 
essentially  self-sufficient  in  copper.  During  the  1970’s,  the 
U.S.  averaged  nearly  92%  in  net  total  copper  and  copper 
alloy  self-sufficiency,  with  a high  of  97%  reached  in  1970 
and  again  in  1975.  No  other  engineering  metal  can  make 
such  a claim. 

Copper  is  favorably  situated  among  the  metals  when  it 
comes  to  “energy  cost.”  Based  on  mid-seventies  technol- 
ogy, the  production  of  copper  from  ore  in  the  U.S.  requires 
the  equivalent  of  from  12.2  to  15.7  kilowatt  hours  per  pound, 
depending  on  ore  type  and  grade.  This  includes  both  direct 
energy  usage  and  indirect  energy  requirements  represented 
by  equipment  use  and  supplies  consumed.  It  also  includes 
losses  due  to  the  inefficiencies  of  energy  conversion.  Pro- 
duction from  scrap  is  even  more  energy  efficient. 

It  is  interesting  to  calculate  the  energy  cost  of  the  mate- 
rial in  a solar  collector  panel.  That  is,  how  much  energy  is 
required  to  produce  from  ore  the  metal  in  the  fins  and  tubes 
that  make  up  one  square  foot  of  absorber  plate?  The 
answer  for  copper  is  about  47,000  Btu.  This  means  a cop- 
per collector  installed  in  Tucson  on  January  1 can  pay  back 
its  energy  debt  with  useful  heat  by  June  4 of  the  same  year, 
based  on  data  from  an  actual  installation. 


Carbon  Steel 

kwh  per  pound 

3.4 

ENERGY  COST 

Lead 

3.8 

OF  METALS 

Cast  Iron 

4.8 

Zinc 

9.1 

PRIMARY 

Copper 

12.2—15.7 

Nickel 

20.2 

PRODUCTION 

Aluminum 

34.2 

Magnesium 

50.1 

Titanium 

57.1 

COPPER  BENEFITS  Properties  and  Advantages  for  Solar  Energy  Systems 


The  copper  metals,  copper,  brass  and  bronze,  are  uniquely 
suited  for  solar  heating  systems.  Without  copper,  the  out- 
look for  solar  energy  in  the  U.S. A.  would  be  nowhere  near 
so  bright  as  it  is  today. 

• Thermal  conductivity-unsurpassed  among  engineer- 
ing materials,  the  key  to  cost-effective  solar  collectors  and 
heat  exchangers. 

• Corrosion  resistance-both  in  hot  water  and  in  glycol- 


water  solutions,  proven  by  decades  of  successful  service. 

• Joinability  and  Ease  of  Fabrication-in  the  factory 
and  in  the  field,  unsurpassed  for  solar  heating  system 
components. 

• Familiarity-in  building  construction  and  throughout  the 
plumbing,  heating  and  cooling  industry. 

• Availability-abundant  supply  in  the  U.S.A.,  half  of  it  from 
recycled  scrap,  both  energy  efficient  sources. 
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COMPARISON  OF  SOLAR  COLLECTOR  GLAZING  MATERIALS 


Typical 

Percent 

Thickness 

Solar 

Infrared 

Material 

(inches)  Transmission 

Transmission 

Low  Iron 

0.125 

91.6 

very  low 

Tempered 

Glass 

0.188 

91.3 

Polycar- 

0.040 

81 

very  low 

bonate 

0.144 

85 

Acrylic 

0.125 

89 

very  low 

0.188 

87 

Fiberglass 

Reinforced 

0.040 

88 

low 

Plyester 

(FRP) 

Acrylic 

0.007 

91 

low 

Polyester 

Film 

0.011 

89 

Polyvinyl 

Fluoride 

0.004 

90 

medium 

Film 

Fluor- 

carbon 

Film 

0.001 

96 

high 

Maximum 


Temperature 

(°F) 

Weight  : 

Thermal 

Expansion 

Remarks 

400 

heavy 

low 

Industry  standard. 

250 

medium 

high 

Very  strong. 

Not  UV  stable. 

190 

medium 

high 

Not  high  strength. 
UV  stable. 

225 

light 

medium 

Nql  chemically  and 
heat  stable. 
Translucent. 

275 

very 

light 

N/A 

Very  tough  when 
laminated. 

300 

very 

light 

N/A 

Heat  shrinkable. 
Lost  cost  outer 
glazing. 

400 

very 

light 

N/A 

Very  inert. 

Not  mechanically 

strong.  Good 
inner  glazing. 
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UNDERSTAND IHG  SOLAR  COLLECTOR  PERFORMANCE  GRAPHS 


The  efficiency  of  any  conversion  device  or  process  is  the  useful 
output  divided  by  the  input.  There  is  no  real  device  or  process  that 
converts  energy  from  one  form  (electromagnetic)  to  another  (thermal) 
or  transfers  energy  from  one  place  (solar  collector)  to  another 
(storage  tank)  at  100%  efficiency.  Some  of  the  energy  input  into  the 
device  or  process  will  always  be  lost. 


EFFICIENCY 


= USEFUL  ENERGY  OUTPUT 
SOLAR  ENERGY  INPUT 


less  than  100% 


Efficiency  is  decreased  as  energy  is  lost.  Generally,  energy  is 
lost  and  efficiency  decreases  as  the  "usefulness"  of  the  output 
energy  increases.  Thus  it  is  possible  to  convert  sunshine  to  hot 
water  at  much  higher  efficiences  than  it  is  to  convert  sunlight  to  a 
more  useful  energy  form  such  as  electricity.  This  is  why  we  use 
solar  thermal  conversions  rather  than  solar  electric  conversions  for 
low  temperature  space  and  water  heating. 

How  Energy  is  Gained  and  Lost  from  a Solar  Collector 


I.  Absorption 


Only  part  of  the  energy  incident  on  the  solar  collector  can  be 
absorbed.  The  ratio  of  the  energy  avialable  to  the  energy  absorbed 
is  called  the  absorptance  and  is  designated  by  the  symbol  oC(alpha). 


Real  black  surfaces  generally  cannot  absorb  more  than  90%  to  98%  of 
the  energy  incident  on  them.  The  remaining  energy  is  reflected  and 
lost  from  the  absorber.  With  no  other  losses  from  the  absorber,  the 
efficiency  becomes: 


Tv  = = 


absorbed  radiation 

incident  radiation 


II.  Heat  Losses  from  the  Absorber 

There  are  other  losses  from  the  absorber.  These  losses  include: 
the  energy  that  is  conducted  away  from  the  absorber  to  the  external 
maniforlds  or  from  the  absorber  to  the  collector  frame;  the  energy 
that  is  convected  away  from  the  absorber  to  surrounding  air;  and  the 
energy  that  is  re— radiated  from  the  absorber  to  the  surroundings  that 
exist  at  a lower  surface  temperature  than  the  absorber.  An 
assumption  is  made  (albeit  somewhat  inaccurately),  that  all  of  these 
losses  are  proportional  to  the  temperature  difference  between  the 
absorber  plate  temperature  (Tp)  and  the  ambient  air  temperature 

(Tq).  a constant  is  defined  (Ul)  so  as  to  combine  all  of  these 
effects  in  one  term.  This  represents  the  overall  heat  loss 
coefficient  of  the  absorber  plate  per  unit  area. 


conduction 

convection 

radiation 


In  order  to  obtain  a more  accurate  estimate  of  the  collector 


efficiency  we  subtract  heat  losses  from  the  total  amount  of  solar 


absorbed  and  divide  by  the  total  insolation  (Incident  Scalar 
Radiation)  usually  designated  by  I. 


III.  Adding  Insulation  and  a Cover  Plate 

If  the  heat  loss  coefficient  is  large  then  the  temperature 
difference,  (Tp-Ta)  must  be  small  in  order  to  retain  any  useful 
fraction  of  the  energy  originally  absorbed.  However,  most  solar 
applications  require  that  the  collector  absorber  plate  operate  at 
temperatures  significantly  higher  than  the  ambient  air  temperature. 
For  example,  in  domestic  water  heating  applications  in  Montana, 
collectors  should  operate  at  140°F  when  the  ambient  temperature  is 
0°F  (which  is  a difference  of  140°F).  On  cloudy  days  when  I is  low 
then  Ul  will  clearly  have  to  be  very  low  in  order  to  retain  any 
useful  fraction  of  the  energy  absorbed. 

It  is  possible  to  lower  Ul  by  insulating  the  collector  absorber. 
It  is  easy  to  frame  the  absorber  and  insulate  the  back  and  sides  to 
limit  the  heat  lost  in  those  directions.  The  only  material  we  can 
use  to  insulate  the  front  of  the  collector  must  be  transparent  to 
allow  the  sunlight  to  be  absorbed. 

Just  as  there  is  no  absorber  that  can  absorb  all  of  the  energy 
available  to  it,  there  is  no  cover  plate  that  is  100%  transparent. 
Any  real  cover  plate  will  reflect  some  of  the  sunlight  incident  on 


it.  This  reflected  light  will  not  be  available  for  absorption,  so  in 
our  attempt  to  reduce  we  cannot  help  but  decrease  the  amount 
absorbed.  The  fraction  of  sunlight  not  reflected  from  the  cover  is 


called  the  transmission,  symbolized 


Transmitted  energy 

Incident  energy 


Transmission 


Typical  transmission  values  range  from  0.8  to  0.95.  If  we  can 
retain  high  transmission  over  time  and  expect  to  operate  our 
collector  at  temperatures  much  above  the  ambient  air  temperatures 
then  our  trade  off  was  a good  one.  The  addition  of  insulation  to  the 
back  and  sides  and  a transparent  cover  plate  for  the  collector  front 
has  reduced  our  overall  heat  loss  to  where  we  may  operate  at  large 
temperature  differences  between  the  absorber  and  the  outside  air. 

The  cover  plate  cuts  heat  loss  in  two  very  important  ways. 
Convection  losses  are  cut  by  keeping  the  cold  ambient  air  away  from 
the  hot  absorber  plate.  Radiation  losses  are  cut  because  of  a unique 
ability  of  most  glazing  materials,  (especially  glass),  to  be 
transparent  to  short  wave  solar  radiation  while  being  mostly  opaque 
to  long  wave  thermal  radiation  (or  infrared).  Solar  energy  is 
converted  to  thermal  energy  upon  striking  the  absorber  plate  and  thus 
becomes  trapped  inside  the  collector.  Since  glass  is  only  partially 
opaque  to  infrared,  there  are  still  radiation  losses,  but  our 
addition  of  the  cover  plate  has  cut  into  these  drastically.  As  we 
shall  see  there  are  other  ways  to  cut  radiation  losses  from  the 
absorber  besides  glazing. 


Now  we  can  redefine  absorption  in  light  of  the  effectiveness  of 
the  cover  plate  at  transmitting  light.  Since  the  fraction  of  light 
transmission  through  the  cover  plate  is  the  cover  transmission 
multiplied  by  the  Insolation,  then  the  total  which  can  be  absorbed 
must  be: 


Absorbed  Energy  = X- 

(a  fraction  of  a fraction  of  the  total  Insolation) 


and 

Absorbed  Energy  = j 
Incident  Energy 

is  called  the  "effective  transmittance-absorptance  product"  and 
represents  the  total  amount  of  energy  available  to  the  heat  transfer 
fluid. 

IV.  Taking  the  Heat  Away 

Once  energy  has  been  transmitted  and  absorbed  it  must  be  made 
available  to  the  heat  transfer  fluid  which  will  move  the  heat  out  of 
the  collector  to  a storage  or  distribution  system. 

In  order  to  gain  energy  on  a trip  through  the  collector  the  heat 
transfer  fluid  must  rise  in  temperature.  This  indicates  that  the 
temperature  of  the  absorber  must  increase  from  the  fluid  inlet  to  the 
fluid  outlet.  Thus  Tp  can  only  be  measured  in  small  local  areas  of 


the  absorber.  It  is  much  more  convenient  to  measure  the  inlet 
temperature  of  the  collector  and  use  it  in  place  of  the  plate 

temperature  Tp.  To  do  this  and  maintain  accuracy,  we  must  modify 
both  the  transmittance-absorptance  product  as  well  as  the  collector 
heat  loss  coefficient  in  a way  that  reflects  the  temperature  rise 
across  the  absorber. 

The  temperature  rise  across  the  absorber  is  a function  of 
absorber  plate  variables  as  well  as  system  variables.  The  absorber 
plate  construction  is  influenced  by  several  factors: 

1.  The  fluid  path  length; 

2.  The  thickness  of  the  absorber  plate; 

3.  The  conductivity  of  the  absorber  plate  material 

4.  The  conductivity  of  the  joint  between  fin  and  tube; 

5.  The  distance  between  tubes;  and 

6.  The  diameter  or  size  of  the  tubes. 

Factors  influencing  system  design  include  the  following: 


1.  The  heat  capacity  of  the  transfer  fluid; 

2.  The  thermal  conductivity  of  the  transfer  fluid;  and 

3.  The  fluid  flowrate. 


These  system  variables  have  little  influence  on  the  performance 
curve  since  all  collectors  are  tested  using  water  as  the  transfer 

fluid  at  specified  flowrates.  However,  these  variables  do  have  a 
significant  effect  on  the  actual  installed  performance. 


A correction  factor,  Fjj^,  (the  heat  removal  factor)  has  been 
defined  that  takes  these  system  variables  into  account  and  allows  one 
to  relate  Tp  to  T^.  This  correction  factor  gets  multiplied  by  both 
the  effective  transmittance-absorptance  product  as  well  as  the 
collector  heat  loss  coefficient  to  yield  the  final  collector 
perf ormalrice  equation: 


The  Performance  Graph 


( 


The  design  of  the  collector  fixes  all  of  the  variables  except 
and,  to  some  extent,  Fj^. 

I } 

This  allows  us  to  gr4|>h  the  efficiency  as  a function  of  ^i~^a. 


The  maximum  efficiency  occurs  when  T^  = T^  and  is  Fg^  / ot.  The 


line  slopes  at  a rate  that  is  equal  to  FgUj^.  The 


intersection  of  the  line  with  the  horizontal  axis  represents  0% 
efficiency  and  is  the  condition  under  which  the  collector  energy  gain 
equals  the  energy  loss  or: 

T<*  = U,  lirla 

These  are  the  conditions  under  which  the  collector  produces  no 
useful  energy  and  is  called  stagnation.  We  can  solve  for  the  inlet 
temperature,  Tj^,  at  which  this  occurs  by  algebraically  rearranging 
the  equation  to  yield: 

_ I oC 

^stagnation"  ^ 

The  stagnation  temperature  represents  the  maximum  useful  inlet 
temperature.  This  is  the  temperature  at  which  the  control  should 


turn  the  system  off. 


# # Glazings Absorber ^ ^ Description 


1 

None 

Flat 

Black 

.90 

3.6 

Pool  Panel,  Copper 
tube,  aluminum  fin 

2 

Single 

Flat 

Black 

.77 

1.73 

Flat  Plate 

3 

Double 

Flat 

Black 

.74 

.84 

Flat  Plate 

4 

Single 

Selective 

Surface 

.80 

.78 

Flat  Plate 

5 

Double 

Selective 

Surface 

.72 

.63 

Flat  Plate 

6 

Single 

Selective 

.66 

.19 

Evacuated  tube. 
Compound  Parabolic 
Cusp  Reflector 

While  long-term  predictions  of  system  performance  cannot  be  based 
entirely  on  performance  curves,  many  design  decisions  can  be  made  on 
information  that  the  above  graph  makes  available.  The  performance 
curves  shown  above  are  representative  of  several  types  of  solar 
collectors  and  demonstrate  the  usefulness  of  the  performance  graphs 
to  specify  collectors  for  different  applications. 

Collector  #1  is  an  unglazed  collector  normally  used  to  heat 
seasonal  outdoor  pools.  The  lack  of  glazing  allows  the  collector  to 
reach  very  high  efficiencies.  It  also  causes  the  efficiency  to  fall 
off  rapidly  as  the  operating  temperature  increases  since  the 
collector  loses  heat  before  it  is  taken  away. 

Collector  #2  is  a more  typical  glazed  flat  plate  collector.  Both 
it  and  collector  #3  have  flat  black  coating  applied  to  the  absorber. 
No.  3 however  has  been  double  glazed  which  has  reduced  its 
compared  to  #2  but  has  also  reduced  its  heat  loss.  Collector  #3 
would  be  a good  collector  to  run  at  high  temperatures  in  cold  weather 
but  it  is  outdone  by  #4  which  is  single  glazed  and  has  a higher  peak 
efficiency.  How  is  this?  Collector  #4  has  a selective  surface  of 
Black  Chrome  applied  to  its  absorber.  The  selective  surface  cuts 
heat  loss  from  the  absorber  by  limiting  the  infrared  radiation  losses 
from  the  absorber  at  elevated  temperatures.  The  selective  surface  is 
as  effective  at  preventing  heat  losses  as  double  glazing  but  does  not 
cut  into  the  light  trnasmission  as  much.  It  should  be  noted  that  the 
solar  industry  has  generally  favored  the  use  of  selective  surfaces 
rather  than  double  glazing  for  high  performance,  low  heat  loss  solar 


collectors.  Collector  #4  not  only  exhibits  lower  heat  loss  than 
Collector  #3,  but  has  a peak  efficiency  6%  higher  due  to  its  higher 
light  transmission  through  the  single  glazing. 

Performance  curve  #5  shows  that  a collector  which  incorporates 
both  double  glazing  as  well  as  a selective  surface  barely  has  any 
performance  advantages  over  collector  #4  in  terms  of  heat  loss  and 
suffers  a much  lower  peak  efficiency  due  to  the  double  glass.  Unless 
you  are  running  very  high  temperatures  in  very  cold  weather,  the 
extra  weight  and  cost  would  probably  be  not  worth  any  increase  in 
performance  over  collector  #4. 

If  one  is  to  run  high  temperatures  in  cold  and  cloudy  weather 
then  Collector  #6  is  the  collector  of  choice.  Collector  #6  is  an 
evacuated  tube  collector  that  utilizes  compound  parabolic 
concentrators  to  help  gather  diffuse  light.  Because  of  the  selective 
surface  and  the  "thermos"  bottle  effect,  the  evacuated  tube  collector 
exhibits  extremely  low  heat  loss  characteristics.  The  curves  show 

that  the  ETC  will  exhibit  higher  performance  than  its  closest 

^ n 7.-7  greater  than  .25.  A collector  such  as 
competitor,  #4,  at  all  Ai— Aa 

X- 

this  would  be  very  competitive  with  flat  plate  at  collectors 
generating  140°F  hot  water  in  any  cold  climate.  It  is  obvious  that 
for  terminal  design  temperatures  higher  than  this,  evacuated  tube 
collectors  would  be  clearly  superior. 


The  collector  performance  curve  presents  a great  deal  of 
information  in  a simple  form.  The  principles  that  govern  collector 
performance  need  to  be  understood  by  system  designers  in  order  to 
allow  the  system  to  make  the  best  use  of  the  chosen  collectors.  The 
performance  curves  also  present  the  starting  place  for  doing 
long-term  performance  analyses  of  entire  systems  in  real 
applications. 

The  collector  heat  loss  coefficient  U^,  is  far  from  constant  and 
in  many  cases  is  a gross  assumption.  Convection  and  radiation  losses 
from  even  a glazed,  insulated  collector  are  not  linear.  Collectors 
are  generally  tested  at  0 mile  per  hour  wind  speed,  and  even  low 
winds  have  a pronounced  effect  on  heat  loss.  Radiation  losses  are 
strictly  non-linear,  increasing  the  Ul  by  20  percent  between  0°F  and 

100°F.  This  nonlinear  radiation  loss  is  especially  true  for  plastic 
glazed  collectors  or  collectors  without  a selective  absorber 
coating.  However,  the  assumption  that  Ul  is  constant  is  necessary  to 
allow  the  performance  graph  to  yield  information  without  added 
complexity.  This  assumption  should  be  taken  into  account  when  doing 
long-term  perfromance  evaluations  of  actual  systems  in  real 
applications.  It  can  grossly  over-estimate  the  performance  of  high 
heat  loss  collectors  (imagine  the  effects  of  wind  speed  on  an 
unglazed  swimming  pool  panel)  and  will  do  no  justice  at  all  to 
collectors  with  very  low  heat  loss  such  as  evacuated  tube  designs. 
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SDHW  SYSTEM  EXPANSION  TANK  SIZING  EXAMPLE 


The  solar  collector  loop  in  a closed-loop,  antifreeze  SDHW  system 
requires  an  expansion  tank  to  accept  the  volume  expansion  or 
contraction  of  heat  transfer  fluids,  such  as  glycol/water  mixtures, 
hydrocarbon  oils,  and  silicone  oil,  as  the  temperature  of  the  fluid 
changes.  Each  type  of  heat  transfer  fluid  has  a different  rate  of 
expansion  or  contraction  per  degree  of  temperature  rise  or  fall  as 
shown  in  the  table  of  "Comparison  of  Heat  Transfer  Fluids." 

For  example,  water  expands  0.025%  per  °F  of  temperature  rise.  If 
we  filled  a closed  solar  loop,  i.e.,  collectors  and  tubing,  with  5 
gallons  of  water  at  50°F  and  heated  the  water  to  200°F,  the  water 
would  expand: 

(5  gal)  — gal — (150°F  rise)  = 0.188  gallons. 

100  gal  - Of 

If  we  have  a pressure  relief  valve  in  the  loop,  which  is  critical 
to  avoid  dangerous  pressure  build-up,  this  expansion  from  5 to  5.188 
gallons  will  cause  the  relief  valve  to  discharge  water.  The  addition 
of  an  expansion  tank  to  the  loop  allows  the  fluid  to  expand  without 
lifting  the  relief  valve. 

The  "Comparison  of  Heat  Transfer  Fluids"  shows  that  glycol/water 
mixtures  and  hydrocarbon  and  silicone  oils  expand  1.4  to  2.2  times  as 


much  as  water  for  a given  temperature  rise.  This  indicates  that 
expansion  tanks  for  these  fluids  must  be  sized  larger  than  those  for 
water . 


The  common  type  of  expansion  tank  used  in  closed-loop,  antifreeze 
SDHW  systems  is  the  pressurized  captive  air,  diaphragm-type  expansion 
tank.  The  tank  has  a flexible  elastomer  diaphragm  that  separates  the 
pressurized  air  from  the  fluid  and  allows  the  fluid  to  expand  and 
contract.  (Note : The  type  of  elastomer  for  the  diaphragm  must  be 
compatible  with  the  heat  transfer  fluid.) 

In  order  to  size  a diaphragm  expansion  tank,  the  first  step  is  to 
determine  the  volume  of  fluid  the  closed  solar  loop  will  contain. 

This  includes  the  collectors,  tubing  and  fittings,  and  heat 
exchanger.  The  following  guidelines  can  be  used  to  estimate  the 
volume  of  fluid  contained  by  the  components  in  the  loop: 


Flat-Plate  Collectors 

1/2"  Type  L Copper  Tube 
3/4"  Type  L Copper  Tube 
1"  Type  L Copper  Tube 
Heat  Exchanger 


0.7  - 1.9  gal/collector 
(depending  on  size) 
0.012  gal/ft 
0.025  gal/ft 
0.043  gal/ft 
0.10  - 0.40  gallons 
(depending  on  type  of 
exchanger) 


The  following  table  gives  data  for  typical  diaphragm  expansion 


tanks  used  in  SDHW  systems: 


Standard  Dimensions 

Total  Tank 

Acceptance  Volume 

(diameter  x height) 

Volume 

for  Fluid  Expansion 

(in  inches) 

(gal) 

(gall 

8 X 11  1/2 

2.4 

0.8 

11  X 14 

5.7 

1.9 

11  X 23 

9.4 

3.1 

We  can  now  use  the  information  given  to  size  an  expansion  tank 
for  a SDHW  system. 


EXAMPLE 


Size  an  expansion  tank  for  the  closed-loop  antifreeze  (prophylene 
glycol/water)  SDHW  system  described  in  Example  2 of  the  "Pump  & Tube 
Sizing  Examples."  Assume  that  the  temperature  of  the  glycol/water 
mixture  at  the  time  of  filling  the  system  is  70°F  and  that  the 
maximum  temperature  reached  by  the  mixture  is  320®F  (the  collector 
stagnation  temperature). 

First  we  must  estimate  the  volume  of  fluid  contained  in  the  solar 
collector  loop: 


2-4'  X 8'  collectors 

(2  X 1.3)  gal 

2.6 

50  ft  - 3/4"  Type  L Tubing 

(50  X 0.025)  gal  = 

1.25 

Heat  Exchanger 

0.3  gal 

0.3 

Total 


4.15  gal 


The  volume  expansion  of  a 60/40  mixture  of  propylene  glycol/water 
is  0.041%  per  °F  (as  given  in  "Comparison  of  Heat  Transfer  Fluids"). 

So  the  maximum  fluid  expansion  that  can  occur  is: 

(4.15  gal)  sal (3200  _ yoOp)  = o.425  gallons. 

100  gal  - °F 

We  require  an  expansion  tank  with  an  acceptance  volume  of  at 
least  0.425  gallons.  We  see  from  the  data  table  for  typical 
expansion  tanks  that  the  8"  x 11  1/2"  tank  has  an  acceptance  volume 
of  0.8  gallons  so  we  would  select  this  tank. 

Guidelines  for  expansion  tank  and  solar  loop  pressures  in  typical 
residential  SDHW  systems  containing  3 to  8 gallons  of  fluid  and  a 
fluid  temperature  of  70°F  at  the  time  the  system  is  filled  are: 

Expansion  Tank  Pressure  27  - 30  psi 

Solar  Loop  Pressure  30  - 50  psi  (for  8 and  3 

gallon  fluid  volume, 
respectively) . 

Further  details  about  expansion  tank  sizing,  pressure  guidelines, 
selection  of  compatible  diaphragm  materials , etc.,  can  be  obtained 
from  expansion  tank  manufacturers. 
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MOTHER  EARTH  AND  CONTROLLERS 


NOTE:  Though  little  can  be  done  to  protect  controls  from  a direct 
lightning  strike,  grounding  the  collector  array  will  prevent 
damage  from  "near  strikes."  Please  take  a few  minutes  to  read 
this  article*  and  pass  it  on  to  your  installers. 

Most  metallic  absorber  plates  incorporated  with  glass  or  plastic 
and  insulation  usually  contain  all  of  the  elements  of  a capacitor  a 
device  for  receiving  and  temporarily  storing  an  electric  charge. 
Dielectric  unions  (nonmetallic  connections  between  piping  and/or 
joints),  popular  as  a means  of  combatting  absorber  plate  corrosion, 
serve  to  electrically  isolate  the  collector  and  allow  these  static 
charges  to  build  and  to  eventually  discharge  down  the  sensor  line  and 
through  the  controller.  While  our  controllers  are  designed  to 
withstand  normal  static  charges,  a collector  plate  can  be  charged  to  a 
level  that  can  devastate  solid-state  circuitry. 

Electric  charge  on  an  ungrounded  metal  collector  can  occur  in  two 
ways.  Electrostatic  charges  can  be  generated  by  windswept  particles 
bouncing  off  a plastic  or  glass  glazing  material.  The  phenomenon  is 


*Reprinted  by  permission  of  Independent  Energy  Inc.,  42  Ladd  St.,  East 
Greenwich,  RI  02818 


GENERAL  WIRING  DIAGRAM  FOR  SDHW  SYSTEM  CONTROL 


DO'S  AND  DON'T  --  SENSOR  WIRING 


A control  is  as  good  as  the  information  it  receives  from  its 
sensors.  Improperly  installed  sensors  can  cause  "nightmares"  for  the 
homeowner  and  service  person.  Take  a few  minutes  to  familiarize 
yourself  with  these  guidelines  and  pass  them  along  to  your  field 
personnel. 

— Don't  run  sensor  wiring  in  parallel  with  AC  lines  unless 

shielded  wire  is  used.  This  prevents  interference  by  other 
electrical  signals. 

— Protect  sensor  connections  from  moisture  by  pressing  silicone 
seal  or  RTV  into  the  wire  nut  after  hookup.  For  proper 
electrical  contact,  use  quality  wire  nuts  or  solder 
connections.  Do  not  tape  wire  together. 

— Protect  the  sensor  itself  from  exposure  to  ambient 

temperatures.  Insulate  properly  for  accurate  readings. 

— Ensure  proper  conductivity  to  sensors  not  in  direct  contact 
with  the  heating  medium.  Use  thermal  grease  or  a conductive 
epoxy  between  the  sensor  and  mounting  surface. 


similar  to  getting  a shock  after  walking  across  a carpet  on  a dry 
day.  When  the  plastic  or  glass  becomes  so  charged,  the  ungrounded 
metal  plate  acquires  an  equal  but  opposite  charge. 

The  other  method  of  inducing  an  electric  charge  on  an  ungrounded 
metal  collector  plate  is  for  a charged  cloud  or  near  lightning  strike 
to  produce  the  charge. 

Providing  a good  metallic  path  to  Mother  Earth  will  prevent  this 
kind  of  damage  except  in  the  event  of  a direct  or  near  direct 
lightning  strike.  All  metal  solar  collectors  and  support  structure 
parts  must  be  grounded  to  a cold  water  supply  or  to  a grounding  rod 
driven  to  a cold  water  supply  or  to  a grounding  rod  driven  into  the 
earth.  One  word  of  caution  when  grounding  to  the  cold  water  supply. 
Often  plumbing  systems  use  plastic  piping  or  Teflon  taped  joints. 

Both  will  interrupt  the  discharge  path,  causing  it  to  look  for  another 
avenue.  Therefore,  minimize  the  likelihood  — go  directly  to  Mother 
Earth  and  keep  a satisfied  customer. 

One  of  the  major  skills  of  a service  technician  is 
trouble-shooting.  The  process  involves  the  following  steps: 

1.  Carefully  observing  the  symptoms, 

2.  Analyzing  the  possible  causes, 

3.  Limiting  the  possibilities. 


The  first  thing  to  remember  is  that  trouble-shooting  is  a logical 
and  orderly  process.  Think  of  "GOAL." 

Good  troubleshooting  involves: 

Observing  the  symptoms  — 

Analyzing  possible  causes  — 

Limiting  possibilities  — 

A controller  that  appears  to  be  malfunctioning  usually  shows  very 
definite  sjrmptoms.  These  symptoms  are  extremely  important.  Good 
®6^vice  personnel  try  to  note  all  the  symptoms  before  proceeding. 

This  demands  a knowledge  of  the  controller.  Obviously,  you  must  know 
what  the  normal  performance  of  the  controller  is  to  be  able  to 
identify  what  is  abnormal.  For  example,  if  a pump  runs  well  into  the 
night,  it  could  indicate  incorrect  sensor  placement,  although  it  could 
possibly  be  normal  operation.  Knowing  the  contoller  will  help  the 
service  technicians  to  properly  observe  the  symptoms. 

Once  the  symptoms  are  clearly  identified,  it  is  time  to  analyze 
possible  causes.  This  part  of  the  trouble-shooting  involves  a general 
knowledge  of  the  logic  behind  the  controller.  Experienced  service 
technicians  think  the  logical  sequence.  Their  experience  tells  them 
what  is  required  by  the  controller  to  make  decisions.  An  ohmmeter 
will  tell  the  technician  if  the  sensors  are  "opened"  or  if  they  have 
A voltmeter  will  verify  control  inputs  and  outputs. 


"shorted. " 


Use  18  AWG  "bellwire"  for  sensor  wiring  runs  shorter  than  100 
feet  in  length.  Use  shielded  cable  for  runs  longer  than  100 
feet . 

Install  a panel  sensor  at  the  hottest  point  in  the  array 
(usually  at  the  outlet  of  the  last  collector).  If  n metal 
absorber  is  used,  attach  a (bolt)  sensor  to  the  back  of  the 
plate . 

Install  the  storage  sensor  securely  against  the  side  of  the 
tank. 

Don't  expose  the  sensor  to  open  flame  or  soldering.  Thermal 
shock  may  damage  the  sensor  and  cause  false  readings. 

Before  attaching  the  sensor  control,  take  an  ohm  reading  and 
compare  it  to  a resistance/temperature  chart  that  matches 
sensor  specification  (e.g.,  a lOK  ohm  sensor  at  77*^F  will  have 
a different  reading  than  a 3K  ohm  sensor  at  the  same 
temperature).  This  will  reveal  open  or  short  circuits  that 
might  result  in  call-backs  or  lost  time  searching  for  a fault 
after  the  system  is  installed. 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  200  per 
copy,  for  a total  cost  of  $120.00,  which  includes  $120.00  for  printing  and  $.00  for  distribution. 
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Synopsis 


The  problems  of  galvanic  and  stray  current  cor- 
rosion are  reviewed  with  respect  to  effects  of  envi- 
ronments, alloys,  and  arrangements  of  equipment. 
Where  available,  quantitative  data  are  cited. 

Galvanic  corrosion  involves  accelerated  effects 
due  to  coupling  two  metals  of  different  galvanic 
potential  together.  The  more  anodic  materials  cor- 
rode faster  than  if  uncoupled. 


Stray  current  corrosion  occurs  in  the  presence  of 
DC  currents  where  it  inadvertently  enters  an  alternate 
(but  unintended)  path.  The  sites  of  entry  and  leaving 
produce  extraordinary  anodes  and  cathodes  which 
would  not  exist  without  the  stray  current. 

The  most  effective  method  for  preventing  the 
acceleration  of  corrosion  due  to  galvanic  and  stray 
current  causes  is  to  use  dielectric  unions. 
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1.0  Introduction 

The  purpose  of  this  memorandum  is  to  describe 
important  engineering  aspects  of  galvanic  corrosion 
and  stray  current  corrosion.  Specifically  I wish  to 
describe  what  these  phenomena  are,  what  causes 
them,  and  how  they  are  controlled.  These  phenomena 
both  have  been  discussed  extensively  in  the  technical 
literature  and  appropriate  references  are  given  here. 
These  phenomena  are  among  the  most  aggressive  of 
corrosion  phenomena  and  should  be  scrupulously 
avoided  even  in  low  cost  engineering  applications 
since  either  phenomenon  can  destroy  an  installation 
in  a matter  of  a few  weeks  under  generally  innocuous 
(apparently)  conditions. 

2.0  First:  What  is  “Ordinary”  Corrosion? 

The  natural  state  of  most  metals  is  in  the  “com- 
bined” state  as  oxides,  sulfides,  carbonates,  etc. 
Metals  “want”  to  react  to  form  compounds.  Metals 
may  also  dissolve  as  soluble  ions  like  Fe^'*'  because 
those  ions  are  more  stable  than  the  metal  in  most 
cases.  Corrosion,  then,  is  simply  the  process  of  a 
metal  forming  such  compounds  or  ions. 

A very  slow  rate  of  these  reactions  is  desirable 
and  is  frequently  obtained  for  many  metals  in  various 
engineering  environments.  Thus,  metals  can  be  pre- 
dicted to  have  lifetimes  of  5,  10,  15  years  and  some- 
times many  hundreds  of  years  depending  on  how 
fast  this  degradation  process  actually  occurs. 

With  the  exception  of  gold  and  platinum  all 
metals  corrode  to  some  degree  in  engineering  environ- 
ments. Even  these  noble  metals  corrode  in  the  al- 
chemists’s aqua  regia. 

Most  engineering  metals— except  copper—  will 
corrode  in  plain  water  with  no  oxygen  present.  How- 
ever, with  oxygen  the  rate  of  corrosion  is  usually 
faster  but  not  always. 

To  a large  extent  many  metals  corrode  by  a 
relatively  uniform  reaction  or  dissolution  of  metal. 
Such  corrosion  is  common  for  metals  exposed  in  tap 
waters,  ground  water,  sea  water,  high  temperature 
oxidation,  and  chemical  processing.  The  corrosion 
rates  in  “uniform”  corrosion  may  be  as  low  as  0.01 
mils  per  year  or  as  high  as  several  inches  per  year. 

Unfortunately,  there  are  several  ways  that  corro- 
sion can  be  greatly  accelerated.  These  accelerated 
processes  may  transform  a slowly  corroding  situation 
into  one  that  may  penetrate  the  metal  at  rates  as 
high  as  tenths  of  inches  per  hour.  Naturally,  there  is 
a wide  range  of  severities  between  the  most  serious 
of  the  accelerated  forms  of  attack  and  plain  uniform 
attack.  References  1-6  describe  these  various  forms 
of  attack  in  detail. 

Some  of  these  forms  of  accelerated  corrosion 
attack  include  the  following: 

1.  Pitting:  Here  the  attack  localizes  and  actually 
drills  holes  in  metals.  The  overall  attack  on 
the  rest  of  the  metal  is  slow  but  these  local- 
ized chemical  “drills”  progress  rapidly  and 
may  perforate  a tube  wall  in  several  weeks. 


Pitting  is  frequently  caused  by  the  presence 
of  chloride  ions  and  is  accelerated  by  the  pre- 
sence of  oxygen  in  the  solution. 

2.  Intergranular  attack:  Metals  are  made  of 
grains  or  small  crystallites.  The  boundaries 
between  these  grains  often  have  a different 
composition  which,  depending  on  the  en- 
vironment, may  corrode  perferentially.  Alu- 
minum alloys  and  stainless  steels  in  certain 
fabricated  conditions  are  severly  attacked  in 
this  way. 

3.  Crevice  attack:  If  deposits  are  present  on 
metal  surfaces,  corrosion  may  be  accelerated 
in  the  crevice  underneath  the  deposit.  Fur- 
ther, if  two  metals  are  joined  together,  as  at  a 
flange,  in  very  intimate  contact,  corrosion 
may  be  accelerated  in  this  crevice. 

4.  Stress  Corrosion  Cracking:  If  a metal  is 
exposed  to  an  environment  and  the  metal  is 
stressed  above  some  nominal  value,  there  is 
sometimes  a conjoint  stress-environment  ac- 
tion which  causes  the  metal  to  crack  in  a 
brittle  fashion.  Such  failures  are  often  ob- 
served in  all  metals  but  under  special  cir- 
cumstances. 

3.0  Galvanic  Corrosion 

While  all  metals  corrode,  certain  metals  corrode 
much  faster  when  coupled  or  connected  with  other 
metals. 


3.1  The  Battery  Anology 

The  familiar  experiment  in  high  school  chemis- 
try, indeed  my  daughter  has  also  done  it,  is  to  con- 
nect two  metals  like  zinc  and  copper.  After  immersing 
this  couple  in  an  electrolyte— like  lemon  juice—  a 
current  flows. 

The  current  that  flows  between  two  metals  of 
different  composition  is  the  basis  for  the  battery. 

A most  familair  battery  has  zinc  on  the  outside 
with  a graphite  core.  When  these  two  materials  are 
connected,  a current  flows.  If  the  battery  is  left 
unconnected,  the  zinc  eventually  corrodes  and  a new 
battery  must  be  found. 

The  current  in  the  zinc-graphite  battery  arises 
because  the  zinc  corrosion  is  accelerated  when 
connected  to  the  graphite. 

Figure  I shows  a typical  schematic  of  a zinc  — 
graphite  battery. 


CELL  ASSEMBLY  FINAL  CONSTRUCTION 


Figure  I.  Cross  section  of  a dry  cell  battery  (P.  73, 
The  Encyclopedia  of  Electrochemistry  Ed. 

Hampel,  Reinhold). 
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The  zinc  corrodes  according  to 

Zn  — > Zn"^"^  + 2e  (1) 

So,  for  every  ion  of  zinc  produced  we  get  two  elec- 
trons. This  gives  the  battery  current— but  at  the 
same  time  the  battery  corrodes  relatively  rapidly. 
0 At  the  graphite  no  corrosion  occurs  but  there  is  a 

reaction  because  the  electrons  of  reaction  (1)  must 
go  somewhere.  These  electrons  may  be  consumed 
by  a reaction  as  simple  as  the  reduction  of  water 
which  consumes  electrons: 

H2O  + e ^ OH-  + I/2H2  (2) 

or  by  a more  complicated  reaction.  The  usual 
reaction  for  the  system  in  figure  1 is  the  reduction  of 
]Vln02  according  to 


Anode  (It  corrodes  more  rapidly  Cathode  (It  doesn’t  corrode) 
when  connected) 


Aluminum 

Iron 

Aluminum 

Copper  & its  alloys 

Aluminum 

Stainless  steel 

Iron 

Copper  & its  alloys 

Iron 

Stainless  steel 

Zinc 

Iron 

Zinc 

Copper 

In  a general  way,  it  may  be  said  that  when  two  dissi- 
milar metals  are  connected  together  one  of  them  will 
corrode  preferentially  and  at  a more  rapid  rate  than 
if  uncoupled.  The  amount  of  acceleration  varies 
greatly  from  nothing  to  factors  of  ten  depending 
upon  circumstances  discussed  in  subsequent  sections. 


Mn02  + H+  + le  ^ MnO  (OH)  (3) 

Tbis  reaction  occurs  at  the  carbon  pencil. 

In  the  case  of  our  simple  zinc-copper  battery, 
the  reaction  in  (2)  or  the  reduction  of  oxygen 
from  solution 

O2  + 4H+  + 4e  ^ 2H2O  (4) 


consume  electrons. 

Now  note  neither  reaction  (2),  (3),  or  (4)  cause 
corrosion  of  the  material.  Thus,  by  connecting  zinc 
to  copper  as  to  graphite  we  end  up  with  more  area 
for  reactions  (2),  (3),  or  (4)  but  the  zinc  continues  to 
corrode  according  to  reaction  (1).  With  this  increased 
capacity  to  absorb  electrons  the  corrosion  of  the  zinc 
is  accelerated  or  reaction  (1)  occurs  more  rapidly. 

The  site  at  which  corrosion  occurs  or  electrons 
are  produced  is  called  the  anode  and  the  site  where 
electrons  are  used  up  is  called  the  cathode  (as  in  2, 
3,  and  4 above). 

The  battery  works  then  (or  zinc  corrodes 
rapidly)  only  when  the  zinc  is  connected  by  a metallic 
contact.  This  acceleration  occurs  as  a result  of  in- 
creased area  for  the  reduction  reactions  such  as  (2), 
(3),  or  (4)  which  do  not  involve  at  the  same  time 
more  anodic  or  corrosion  activity. 


3.2  Galvanic  Corrosion— The  Unwanted  Battery 

Suppose  we  wish  to  connect  a steel  pipe  to  a 
copper  one,  we  have  the  exact  situation  as  described 
from  the  battery.  Iron  with  respect  to  copper  is  just 
like  zinc  with  respect  to  copper.  And  like  the  zinc, 
iron  corrodes  more  rapidly  than  it  would  if  it  were 
not  connected  to  the  copper.  Thus,  an  iron-copper 
cell  would  be  a battery  just  like  zinc  copper  one. 
Except— we  don’t  want  this  battery  because  now  it 
is  operating  to  destroy,  prematurely,  a piece  of 
industrial  hardware. 

0 ) Galvanic  corrosion,  then,  is  that  which  results 

' from  the  accelerating  effect  of  connecting^  two  metals 
together.  Examples  of  such  combinations  which 
would  be  bad  are  the  following: 


3.3  Coupling  the  “Same”  Metal 

Galvanic  acceleration  may  occur  even  if  the  same 
alloy  is  jointed  .to  itself. 

Suppose  that  a pipe  which  has  been  operating 
for  a long  time  springs  a leak.  This  bad  pipe  is  then 
cut  out  and  removed;  a new  one  of  the  same  composi- 
tion is  welded  in  as  a replacement.  But  a short  time 
later  it  fails— Why  should  this  occur  in  view  of  the 
materials  having  the  same  composition?  The  answer 
to  this  apparent  anamoly  is  that  the  old  pipe  has 
developed  a good  protective  film  whereas  the  fresh 
pipe  has  not. 

The  reduced  reactivity  of  the  old  pipe  makes 
it  noble  and  accelerates  the  corrosion  of  the  new 
pipe  which  never  gets  a chance  to  protect  itself. 

3.4  The  Relative  Area  Effect 

Until  now  we  have  considered  only  the  differ- 
ence in  composition  of  the  two  metals.  In  addition, 
we  are  concerned  about  the  relative  areas  of  these 
two  metals. 

We  said  in  section  3.1  that  the  corrosion  of  the 
anodic  material  is  accelerated  because  the  cathodic 
material  provides  additional  area  on  which  the  elec- 
tron absorbing  reactions— i.e.  like  (2),  (3),  and  (4) 
may  proceed. 

If  we  then  connected  an  anodic  material  like 
iron  to  a cathodic  material  like  copper— but  suppose 
the  copper  was  1/100  of  the  area  of  the  iron— there 
would  be  very  little  acceleration  of  corrosion  of  the 
iron.  If  we  now  increase  the  relative  area  of  the 
copper  to  1:1  and  100:1,  clearly  the  iron  will  corrode 
progressively  more  rapidly  although  not  necessarily 
in  direct  proportion. 

Thus,  an  iron  bolt  in  a copper  plate  would 
corrode  very  rapidly;  whereas  the  reverse— a copper 
bolt  in  an  iron  plate— would  not  cause  significant 
acceleration. 

Figure  2 shows  an  example  of  area  effects  which 
may  be  prone  or  not  prone  to  aggravated  attack.  2A 
shows  an  aluminum  rivet  in  a copper  sheet.  Here, 
the  anode,  aluminum,  will  corrode  very  rapidly 
because  the  Cu/Al  ratio  is  large.  In  the  second 
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case  (B)  the  A1  area  is  large  with  respect  to  the 
copper  and  will  corrode  slowly.  A small  amount  of 
aggravated  attack  would  be  expected  at  the  interface 
for  (B)  whereas  in  the  case  of  (A)  the  A1  will  corrode 
out  rapidly. 


Cu 

Al 

Cu 

^ ^ 

AL 

{ 

(A)  (B) 

Figure  2.  (A)  Cu  joined  with  aluminum  rivets  giving 
a high  Cu/Al  area  (cathode/anode),  (B) 
Al  joined  with  copper  rivets  giving  small 
Cu/Al  area.  From  Evans,  p.  194,  ref.  1. 

3.5  The  Nearness  Effect 

If  the  two  dissimilar  metals  are  adjacent,  corro- 
sion is  accelerated  most  at  the  site  where  the  two 
metals  touch  as  shown  in  figure  3. 


(WI6INAL  SURFACE 


Figure  3.  Schematic  illustration  showing  the  relative 
distribution  of  corrosion  when  a galvanic 
couple  is  in  direct  contact,  (p.  663,  Ency- 
clopedia of  Electrochemistry) 

3.6  What  are  the  Criteria  for  Accelerated  Galvanic 

Corrosion? 

A more  active  metal  wiU  corrode  more  rapidly 
when  coupled  to  a less  active  metal  relative  to  the  un- 
coupled condition.  The  question  is  “how  much?” 
and  the  answer  is  “It  Depends!” 

The  “It  Depends”  answer  is  related  to  the 
following: 

1.  The  composition  of  the  two  coupled  metals. 

2.  The  surface  finish  of  the  two  coupled  metals. 

3.  The  liquid  flow  rate  past  the  two  coupled 
metals. 

4.  The  dissolved  oxidizing  species  in  the  solution 
(oxygen,  ferric  ions). 

5.  The  species  which  tend  to  destroy  the  protec- 
tive films  (like  chloride,  sulfide,  bromide). 

6.  The  species  which  tend  to  form  or  to  improve 
protective  films  (carbonate,  phosphate). 

7.  The  relative  areas  of  the  two  galvanic  mater- 
ials. 

Having  mentioned  the  above  as  by  way  of 
illustrating  that  the  relative  rate  of  the  coupled  ac- 
tive material  may  vary  considerably  but  there  is  little 
question  that  it  will  corrode  more  rapidly  and  fail 
prematurely. 

This  section  gives  examples  of  these  galvanic 
effects  for  important  industrial  metals  in  common 
industrial  environments. 

Galvanic  or  bi-metallic  corrosion  was  studied 
systematically  as  early  as  1918.  Evans  quotes  the 
following  table  for  the  corrosion  of  iron  in  contact 
with  a series  of  galvanically  coupled  metals. 


TABLE  I 

BIMETALLIC  CORROSION  OF  IRON  AND  A SECOND 
METAL  IN  1%  NaCI  SOLUTIONi,* 


Corrosion  of  Second  Metal  Corrosion  of 


183.1 

Copper 

0.0 

181.1 

Nickel 

0.2 

171.1 

Tin 

2.5 

183.2 

Lead 

3.6 

176.0 

Tungsten 

5.2 

153.1 

Antimony 

13.8 

9.8 

Aluminum 

105.9 

0.4 

Cadmiiun 

307.9 

0.4 

Zinc 

688.0 

0.0 

Magnesium 

3104.3 

* Absence  of  specimen  areas  and  time  prevent  giving  rates 
and  weight  loss  per  unit  area  needed  for  penetration 
calculation. 


While  the  data  shown  in  Table  I lack  some  ne- 
cessary details,  the  fact  that  the  galvanic  phenomenon 
was  recognized  so  early  and  so  clearly  is  proportional 
to  its  industrial  seriousness.  Note  also  the  reversal  of 
effects  when  iron  is  coupled  to  a more  active  metal: 
the  corrosion  rate  of  the  iron  is  negligible  and  we 
have  the  phenomenon  of  galvanic  protection.  We 
further  note  that  the  corrosion  of  aluminum  is  ac- 
celerated in  galvanic  contact  with  iron  which  is  now 
the  nobler  of  the  two  materials— the  reverse  of  the 
iron-copper  situation. 

The  pattern  of  Table  I prompted  workers  inter- 
ested in  corrosion  at  the  time  to  arrange  metals  for 
galvanic  instabilities  according  to  their  standard 
electrode  potentials**.  Important  metals  are  so 
arranged  in  Table  II.  Here  the  metals  with  the  most 
positive  values  are  the  most  noble  and  tend  to  be 
cathodic;  the  metals  with  the  more  negative  would 
corrode  progressively  more  rapidly  and  would  tend 
to  be  anodic  when  connected  to  a more  positive  one. 

Despite  the  apparent  reasonability  and  rationa- 
lization of  the  relative  ranking  of  metals  according  to 
their  equilibrium  tendencies  to  corrode,  serious  dis- 
crepancies arose  owing  to  the  existence  of  protective 
passive  films  on  the  metals.  In  the  cases  of  stainless 
steels,  titanium,  and  aluminum  there  are  many  envi- 
ronmental circumstances  where  these  metals  operate 
effectively  as  noble  metals  owing  to  the  highly  pro- 
tective nature  of  these  films. 


**  The  standard  electrode  potential  is  defined  for 
our  purposes  for  the  equilibrium  M > Mn'*'  + 
ne  where  the  Nernst  equation  defines  the  equi- 
librium potential  E^  for  a given  ionic  concen- 
tration [ M'*’  ] according 

Eo  = E“  + 2.3  RT  log  [Mn+  ] 
nF 

Here,  E°  is  the  standard  electrode  potential  R is 
the  gas  constant,  T the  absolute  temperature,  n 0 
the  number  of  electrodes  in  the  half  cell  reaction.  ^ 
The  values  in  the  Table  II  are  of  E° . The  values 
of  E°  and  E°  are  in  volts. 
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TABLE  II 


TABLE  OF  STANDARD 

ELECTRODE  POTENTIALS 

(From  Ref.  4) 

Metal 

Standard  Potential,  E°  (volts) 

Li  = Li^  -1-  e' 

3.05 

K = + e- 

2.93 

Ca  = Ca^'"  + 2e- 

2.87 

Na  = Na"*"  -i-  e’ 

2.71 

Mg  = Mg'"'"  -t-  2e- 

2.37 

Be  = Be'""^  2e- 

1.85 

U = + 3e- 

1.80 

Hf  = HG"*  + 4e- 

1.70 

A1  = AF^  + 3e- 

1.66 

Ti  = Ti++  + 2e- 

1.63 

Zr  = Zr'"'‘  + 4e- 

1.53 

Mn  = Mn"'+  + 2e- 

1.18 

Nb  = Nb^^  + 3e- 

ca  1.1 

Zn  = Zn"^"^  + 2e- 

0.763 

Cr  = Cr'"^  + 3e- 

0.74 

Ga  = Ga^3  + 3e- 

0.53 

Fe  = Fe^-"  + 2e- 

0.440 

Cd  = Cd-^^  -t-  2e- 

0.403 

In  = In'''^  + 3e' 

0.342 

TI  = TF  + e- 

0.336 

Co  = Co++  + 2e- 

0.277 

Ni  = NF'"  + 2e- 

0.250 

Mo  = Mo'*’^  -i-  3e' 

ca  0.2 

Sn  = Sn'"+  + 2e- 

0.136 

Pb  = Pb++  + 2e- 

0.126 

H2  = 2H+  + 2e- 

0.000 

Cu  = + 2e' 

-0.337 

2Hg  = Hg2'"+  + 2e- 

- 0.789 

Ag  = Ag'"  -h  e- 

- 0.800 

Pd  = Pd'"^  + 2e- 

- 0.987 

Hg  = Hg+'"  + 2e- 

- 0.854 

Pt  = Pt"^+  + 2e- 

ca  - 1.2 

Au  = Au^^  -1-  3e' 

- 1.50 

In  order  to  meet  the  needs  of  this  “practical 
nobility”  conferred  by  protective  films,  a revised 
“Galvanic  Series”  was  devised  by  LaQue*^^*.  This 
is  given  in  Table  III.  This  particular  scale  is  arranged 
in  order  of  increasing  nobility.  Thus,  magnesium  is 
the  most  anodic  or  corrodable  and  passive  type  316 
is  the  most  noble  or  corrosion  resistant.  Connecting 
a more  active  material  to  a more  noble  material  in 
the  sea  water  environment  will  accelerate  greatly  the 
corrosion  rate  of  the  less  noble  material. 

TABLE  III 

GALVANIC  SERIES  IN  SEA  WATER 


(most  active) 
Magnesium 

Magnesium  alloys 
Zinc 

Galvanized  steel  or 
galvanized  wrought 
iron 

Aluminum  52SH 


18-18-3  stainless  steel  type  316 
(active) 

Lead 

Tin 

Muntz  metal 
Manganese  bronze 
Naval  brass 
Nickel  (active) 


Table  III  ((Zontinued) 

Aluminum  4S 
Aluminum  3S 
Aluminum  2S 
Aluminum  53S-T 
Alclad 
Cadmium 

Aluminum  A17S-T 
Aluminum  17S-T 
Aluminum  24S-T 
Mild  steel 
Wrought  iron 
Cast  iron 
Ni-Resist 

13%  chromium  stainless 
steel  type  410  (active) 
50-50  lead  tin  solder 
18-8  stainless  steel  type 
304  (active) 


Inconel  (active) 

Yellow  brass 
Admiralty  brass 
Aluminum  bronze 
Red  brass 
Copper 
Silicon  bronze 
Ambrac 

70-30  copper  nickel 
Comp.  G-bronze 
Comp.  M-bronze 
Nickel  (passive) 

Inconel  (passive) 

Monel 

18-8  stainless  steel  type  304 
(passive) 

18-8-3  stainless  steel  type  316 
(passive) 

(most  noble) 


It  is  important  to  recognize  that  Table  III  is 
developed  only  for  the  sea  water  environment  — 
similar  tables  must  be  developed  for  the  set  of 
materials  planned  for  any  complex  environment. 

3.7  The  “How  Fast”  Question  - For  Galvanic 

Elements  of  Equal  Areas 

Section  3.6  outlined  the  criteria  for  the  existence 
of  galvanic  couples.  Further,  it  noted  the  complication 
in  making  precise  predictions.  Recognizing  these  dif- 
ficulties we  discuss  here  some  of  the  actual  measure- 
ments conducted  on  galvanic  corrosion  couples. 

One  study  by  Fink  et  al.*^®*  considered  the 
behavior  of  an  aluminum  alloy  connected  to  Monel 
(Cu-Ni)  exposed  to  sea  water  which  was  either  aerated 
or  deaerated.  A further  variable  included  the  pre- 
sence of  copper  impurity  added  as  copper  sulfate. 
The  data  are  shown  in  Table  IV. 

Table  IV  shows  that  the  aluminum  alloy  con- 
nected to  monel  in  aerated  sea  water  will  corrode 
6.5  times  faster.  The  presence  of  the  copper  ions  in 
solution  increases  the  overall  rates;  this  copper  in  a 
normal  engineering  system  would  be  expected  simply 
from  corrosion  of  the  copper  alloy  itself.  Most  im- 
portant, deaerating  the  solution  decreases  the  cor- 
rosion rates  although  there  is  still  a factor  of  two 
increase  in  the  corrosion  rates. 

The  8.37  mdd  of  Table  IV  corresponds  to  5.5 
mils  penetration  per  year  of  the  metal.  This  is  a 
relatively  high  rate  in  view  of  the  fact  that  attack 
is  not  completely  uniform.  The  deepest  penetration 
might  be  expected  to  be  twice  the  average  rate.  Thus, 
a tube  wall  of  50  mils  would  be  perforated  in  about 
5 years  not  counting  for  the  loss  in  strength. 

An  extensive  study  was  conducted  by  Compton 
et  al.*^®*  on  a wide  variety  of  galvanic  couples.  His 
specimens  were  1 sq.  in  specimens  coupled  together 
and  separated  by  filter  paper  containing  the  appro- 
priate solution.  His  measurements,  instead  of  measur- 
ing weight  change,  determined  the  galvanic  current 
between  two  electrodes.  This  system  was  conducted 
in  such  way  as  to  be  considered  aerated. 
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TABLE  IV 

EFFECT  OF  DEAERATION  AND  COPPER  ION  CONTENT 
ON  THE  CORROSION  BEHAVIOR  OF  A1^061  T6’ 

Corrosion  Rate,  milligrams  per  dm^  per  day,  mdd 

Sea  Water  Plus  Sea  Water  Plus 

Coupli^  Sea  Water  1 ppm  CuSO^®*  10  ppm  CuS04*^* 

Condition  Aerated  Deaerated  Aerated  Deaerated  Aerated  Deaerated 


Uncoupled  1.28  0.37  2.48  0.40  3.60  0.44 

Coupled 

toMonel'^'  8.37  0.67  11.66  1.08  12.32  1.20 


(1)  A1  + 0.25  Cu  + 0.6  Si  + 1.0  Mg  + 0.25  Cr 

= mil  per  year  So  for  Aluminum  mdd  x 0.655  = mil/year 

(3)  0.4  and  4.0  copper  respectively 

(4)  Ni  + 31.5  Cu  + 1.4  Fe 

Figure  4 summarizes  the  results  from  a variety 
of  metal  couples.  The  results  are  given  in  terms  of 
current  flowing  between  the  galvanic  couples.  Essen- 
tially, this  current  represents  a net  increase  over  the 
baseline  uncoupled  corrosion  rates.  Shown  below 
Figure  4 is  a table  giving  the  equahty  of  current  to 
penetration. 


Figure  4.  Galvanic  currents  between  two  specimens 
taken  for  initial,  short  times  (10-20  min- 
utes) and  long  times  (six  days)  exposed 
0.01  N NaCl  (about  500  ppm)  Ref.  16. 


Corrosion  Currents  for  Various  Metals 


Approximate  values  of  current  which  would  cause  the  removal  of  0.001-iuch 
of  metal  by  corrosion  in  one  year  from  the  specimens  in  these  tests,  which  liave 
a nominal  area  of  1 square  inch. 


Metal 

Current  (Microamperes) 

13 

714 

20 

7 

14 

5 

1434 

143^ 

6 

Tin 

1034 

Note  that  the  initial  currents  are  very  high  whereas 
the,  final  are  lower.  The  final  readings  are  those 
which  may  be  taken  as  the  long  term  values.  Thus, 
at  long  times  the  Fe-Cu  couple  will  corrode  at  2 mils 
per  year  above  the  base  corrosion  rate.  However,  this 
is  true  for  the  specific  case  of  specimens  separated  by 
filter  paper  where  the  corrosion  products  can  build 
up  to  stifle  reaction.  On  the  other  hand  in  a flowing 
system,  the  initial  values  might  be  closer  to  the 
appropriate  anes;  and  in  this  case  the  Fe  of  the  Fe-Cu 
courtle  would  corrode  at  23  mils  per  year. 
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In  a study  by  Ketcham  and  Beck*”'^*  Mg-Al 
couples  were  studied  in  0.1  N NaCl.  For  electrodes  of 
equal  size  they  found  the  steady  state  current  between 
two  electrodes  to  be  1800  microamps  per  in^  corres- 
ponding to  about  1300  mils  per  year  or  1.3  inches 
per  year. 

Another  study  by  Paige  and  Ketcham^^^^  in- 
volved the  coupling  of  specimens  of  various  alloys  to 
titanium  or  stainless  steel  exposed  to  sea  water.  Both 
elements  of  the  couples  were  the  same  size.  Their 
data  for  a 1.0  N NaQ  test  at  room  temperature  are 
given  in  Table  V taken  from  reference  (14). 

TABLE  V 


Penetration  rates  in  mils  per  year  from  galvanic  couples 
exposed  in  l.ON  NaQ*.  Temperature  30° C,  test  48  hours 

Corrosion  Rates  of  Anodic  Material,  mpy 


Anodic 

Material 

Uncoupled 

Coupled  to 
Stainless  Steel 
Type  321 

Coupled  to 
Commercially 
Pure  Ti 

75S-T6 

2.14 

26.8 

42.7 

Brass(6040)  3.95 

3.8 

4.7 

Cd 

1.5 

14.8 

15.5 

Cu 

5.0 

7.5 

12.4 

Fe(4130) 

13.2 

62.5 

55.0 

Inconel 

0.0 

0.0 

0.0 

Mg(J-lh) 

85.5 

2888.0 

1230.0 

Ni 

0.485 

0.33 

0.39 

Pb 

6.25 

12.6 

12.3 

Sn 

1.19 

7.3 

6.7 

Zn 

25.2 

71.0 

57.0 

Taken  from  Tables  2 and  3 of  reference  6.  The  mdd  data  in 
the  original  are  converted  to  mils  per  year. 


The  data  of  Table  V show  the  wide  range  of 
galvanic  rates  as  affected  by  titanium  and  stainless 
steel  base  materials.  In  some  cases,  like  brass,  copper 
nickel,  and  inconel  there  is  little  effect  of  coupling; 
in  other  cases,  like  Mg,  the  effect  is  enormous.  An 
important  case  involves  coupling  iron  to  stainless 
steel  where  the  coupling  increases  the  rate  by  five 
times. 

3.8  The  Area  Effect  — How  Much  Faster 

The  “how  fast?”  question  discussed  in  section 
3.7  considered  specimens  of  equal  areas  and  arranged 
to  be  parallel  and  opposite  i.e.  facing  plates. 

In  section  3.4  we  mentioned  that  increasing  the 
area  of  the  cathode  relative  to  that  of  the  anode 
would  increase  the  corrosion  rate  of  the  anode. 

The  accelerating  effect  of  increasing  the  cathode/ 
anode  ratio  is  shown  in  figure  5 from  the  paper  by 
LaQue* ^ . 

The  clear  effect  here  is  an  increase  in  the  rate  of 
six  times. 

This  area  effect  shows  qualitatively  what  should 
happen  at  the  interface  between  two  parallel  speci- 
mens in  the  same  plane  i.e.  one  tube  connected  to 
another  of  a different  composition.  Thus,  at  the  in- 
terface the  galvanic  effect  would  be  accentuated  as 
depicted  as  in  figure  3. 


Figure  5.  The  effect  of  cathode  (Cu)  to  anode  (Fe) 
area  ratio  in  3%  NaCl.  Area  of  iron  an- 
ode 0.047  dm.2  and  area  of  Cu  cathodes: 
0.024  to  0.94  dm.2  1000  mdd  = 184 
mils  per  year 

3.9  So  How  Do  We  Stop  Galvanically  Accelerated 
Corrosion? 

Galvanically  accelerated  corrosion  may  he  abso- 
lutely stopped  by  interrupting  the  electrolyte  or 
electronic  paths  between  two  materials.  This  is  illu- 


l\/l-^M'^'^  + 2e  H20-^e— ^ OH  +I/2H2 


0 Figure  6.  Schematic  arrangement  of  electrodes  show- 
^ ing  location  of  anodic  and  cathodic  pro- 

cesses. The  electrolyte  solution  may  be 
damp  earth,  potable  water,  sea  water,  or  a 
damp  film  of  moisture  on  metals  exposed  in 
atmospheric  conditions.  The  switch  indi- 
cates the  possibility  of  breaking  the  galvanic 
couple  or  the  stray  current  system  by  using 
a dielectric. 

Since  it  is  frequently  difficult  to  interrupt  the 
environmental  path,  it  usually  is  easiest  to  place  an 
electrically  insulating  material  in  the  electronic  path. 

We  may  thus  avoid  all  aspects  of  galvanically 
accelerated  corrosion  by  placing  a dielectric  between 
the  two  materials.  This  is  the  same  as  opening  the 
switch  of  figure  6.  Once  the  current  carrying  path  is 
broken,  the  galvanic  effect  stops.  The  material  will 
then  corrode  at  its  normal  non-accelerated  rate. 

There  are  other  ways  of  mitigating  the  effect  of 
galvanically  accelerated  corrosion.  These  have  draw- 
backs or  limited  applicability  but  may  work  very  well 
in  some  cases.  These  approaches  include: 

1.  Lowering  the  oxygen  content  as  shown  in 
Table  IV  lowers  the  coupled  as  well  as  un- 
coupled corrosion  rates. 

^ 2.  Painting  the  cathode  surface  reduces  the 

* ) cathode/anode  area  ratio;  note  that  if  the 

anode  only  is  painted,  any  fissure  in  the 
coating  will  be  the  site  of  a greatly  aggravated 
localized  attack. 


3.  There  are  certain  substances  which  can  be 
added  to  the  solutions  to  inhibit  the  anodic  or 
cathodic  reactions.  Slowing  down  either 
reaction  will  slow  the  total  corrosion  process. 

The  above  AviU  be  recognized  as  providing  relief  in 
special  cases  but  in  general  industrial  environments 
the  above  three  procedures  are  not  nearly  so  clear  cut 
and  definite  as  using  a dielectric  coupling. 

4.0  Stray  Current  Corrosion 

4.1  Introduction 

Understanding  the  stray  current  problem  is  most 
easily  approached  by  understanding  a simple  direct 
current  electrolytic  circuit.  Suppose  in  figure  6 that 
the  current  is  moving  in  the  direction  shown  for  the 
electrons,  i.e.  from  a — >b — >c.  At  the  anode  the 
metal  ions,  1V1+  + , and  electrons  are  produced.  These 
electrons  move  to  the  cathode  and  are  consumed  in 
the  reduction  of  water  to  hydrogen. 

As  long  as  the  current  moves  in  a single  direction 
as  shown  in  figure  6 the  corrosion  will  occur  at"  the 
site  where  the  electrons  leave  the  surface;  the  catho- 
dic process  will  occur  where  the  electrons  arrive  at 
the  surface. 

If  the  direction  of  the  current  is  alternating, 
as  in  alternating  current,  no  net  current  flow  occurs 
since  the  average  direction  of  the  current  is  zero. 

Thus,  those  conditions  which  favor  a direct 
current  will  produce  corrosion  at  the  anode  and  one 
of  the  reduction  processes  at  the  cathode. 


4.2  Occurrences  of  the  Stray  Current  Problem 

As  a first  diagnostic  tool,  it  is  worth  looking  at 
these  industrial  circumstances  where  direct  currents 
are  involved. 

One  of  the  early  manifestations  of  stray  current 
involved  street  cars  as  shown  in  figure  7 and  schema- 
tically in  figure  8. 


Figure  7.  Corrosion  of  buried  pipes  by  stray  currents 
(the  arrows  show  the  direction  of  “positive” 
electricity).  Reference  1. 
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Figure  8.  In  the  railway  traction  system  current  is 
supplied  from  the  generator  over  aerial  wire 
to  the  traction  motor  and  returns  to  the 
generator  over  several  paths.  Generally  the 
rails  are  not  insulated  from  the  earth  so 
that  part  of  the  return  current  travels 
through  the  earth  and  makes  use  of  any 
metallic  underground  path  in  the  vicinity 
which  provides  conductivity.  Reference  24. 

The  essential  idea  illustrated  in  figures  7 and  8 
shows  an  alternate  return  path  for  current  beside  the 
normal  one— the  rails.  Suppose  that  there  is  a dis- 
continuity in  the  rails  owing  to  a construction  error; 
also,  suppose  a relatively  highly  conducting  soil— 
perhaps  due  to  excess  salting  of  the  streets.  The  dis- 
continuity in  the  normal  current  return,  plus  an 
alternate  easy  path  through  another  structure  are  the 
essential  requisites  for  the  stray  current  problem. 

Having  met  these  conditions  favorable  to  the 
stray  current  problem,  we  have  the  same  circumstance 
as  illustrated  in  figure  6.  We  have  an  anodic  and 
cathodic  region.  At  the  anodic  area  we  may  expect 
accelerated  corrosion. 

Another  stray  current  problem  is  associated 
with  the  use  of  underground  cathodic  protection  as 


Stray  current  originates  from  a 
cathodic  protection  system  because  some  re- 
turn current  from  the  anode  bed  uses  a 
portion  of  the  foreign  pipe  as  a part  of  the 
return  path  instead  of  returning  directly 
through  the  earth  to  the  protected  structure. 

Figure  9 

Here  the  ground  bed  consists  of  anodes  and  the  pro- 
tected structure  is  thereby  maintained  as  the  cathode. 
However,  a foreign  structure  may  also  be  nearby— as 
in  the  case  of  a buried  telephone  cable.  If  the  catho- 
dic current  goes  also  the  foreign  object  and  then  goes 
to  the  protected  structure— the  point  of  exit  of  cur- 
rent on  the  foreign  structure  will  realize  the  accelera- 
ted corrosion. 


Other  operations  which  may  cause  stray  current 
problems  are: 

1.  Note  again  the  wide  range  of  cathodic  pro- 
tection applications 

2.  Welding  operations 

3.  Electric  railways  f 

4.  Plating  baths  (i.e.  chromium  plating,  or  elect-^ 
tro  galvanizing) 

5.  Electrical  signals 

6.  Metallurgical  processing  where  electro-refining 
in  involved  (aluminum  production) 

7.  Painting  operations  involving  electro-transport 
These  various  sources  of  direct  current  are  illustrated 
in  figure  10. 


_1X. 


-Orifls  tf  (tray  ewnwit  h*m  • 
MitrfbwtfM  vttd  (r  m MiwtH*! 

piMit  RT  Ur  CTiwHWfcUl  ilttributlMi  Im4s. 


1 ^ 


vnuCTUU 


-Stray  cwrrmt  ratwHIiif  frwR  ai 
wuhalaRcad  4<  trantmltsiwi  ayitwR. 


Figure  10 


4.3  Prevention  of  Stray  Current  Corrosion 

A variety  of  methods  are  available  for  preventing 
accelerated  corrosion  due  to  stray  currents.  These 
include  primarily 

1.  Improvement  of  standard  metallic  path  for 

removal  of  currents  ^ 

2.  Interrupting  the  electrical  continuity  of  the* 
underground  structures  as  by  dielectric  joints. 

5.0  Application  of  Dielectrics 

Section  3.9  and  4.3  describe  methods  for  miti- 
gating galvanic  and  stray  current  corrosion  respect- 
ively. 


Of  the  various  approaches  for  stopping  stray 
current  corrosion,  the  use  of  dielectric  joints  is  the 
most  positive. 

In  most  industrial  circumstances  it  is  impossible 
to  assure  that  other  preventative  measures  — oxygen 
control,  addition  of  inhibitors,  surface  treatment,  con- 
trol of  water  chemistry  — are  performed  with  the 
vigilance  and  thoroughness  necessary  to  prevent  the 
catastrophic  effects  of  galvanic  or  stray  current  pro- 
cesses. 

In  other  words,  the  dielectrics  come  closest  to 
being  “goof  proof”  of  all  the  various  protective 
measures. 

Dielectrics  offer  another  most  important  advan- 
tage. Should  the  corrosion  occur  from  an  environ- 
ment not  expected,  they  still  work.  Thus,  if  the  user 
is  worried  normally  about  the  solution  within  the 
pipes,  he  might  forget  the  possibility  of  external 
environments.  A pipe  carrying  deaerated  water 
internally  may  be  corroded  from  the  outside  bj| 
ground  waters  containing  higher  chloride  and  exten- 
sively oxygenated.  Without  a dielectric  this  external 
environment  might  produce  catastrophic  degradation. 
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SDHW  System  Pump  & Tube  Sizing  Examples 


EXAMPLE  1 

A closed-loop,  siphon-type  water  drain-back  SDHW  system  will  be 
installed  in  a residence.  The  system  will  include  two  roof-mounted 
4'  by  8 ‘ flat-plate  solar  collectors  connected  in  parallel,  a 
6-gallon  drain-back  tank,  and  a 120-gallon  solar  storage  tank  with  a 
finned  copper  tube  coil  heat  exchanger  located  in  the  bottom  of  the 

tank. 

We  wish  to  size  a centrifugal  pump  and  the  solar  collector  loop 
supply  and  return  tubing  for  this  SDHW  system. 

Assumptions 

1.  The  distance  between  the  water  level  in  the  drain-back  tank 
and  the  return  line  as  it  exits  the  solar  collectors  (the 
highest  point  in  the  solar  collector  loop)  is  estimated  to 
be  15  ft  after  the  installation  is  completed.  This  is  the 
"static  head." 

2.  The  collector  manufacturer  recommends  that  the  water  flow 
rate  for  each  collector  is  1.5  gallons  per  minute. 


3. 


The  total  length  of  copper  tubing  in  the  solar  collector 
loop  (supply  and  return  lines)  is  estimated  to  be  500  feet 
and  will  include  15  90°  copper  elbows.  We  will  consider  two 
sizes  of  Type  L copper  tubing  for  the  loop  - 1/2"  and  3/4". 

Calculations 


Since  each  collector  requires  1.5  gpm  and  the  two  collectors  are 
connected  in  parallel,  the  total  flow  rate  through  the  collector  loop 
(collectors,  supply  and  return  tubing,  drain-back  tank,  pump,  and 
heat  exchanger)  is  3 gpm. 

The  pressure  drop  or  head  loss,  expressed  in  feet  of  water,  for 
each  component  in  the  loop  must  be  found.  These  component  pressure 
drops  will  then  be  added  to  find  the  total  pressure  drop  or  head 
loss.  A pump  capable  of  delivering  3 gpm  at  the  total  pressure  drop 
will  then  be  selected. 

It  is  important  to  note  that  this  system  is  a closed-loop, 
siphon-type  drain-back  system.  When  the  system  starts,  the  pump  must 
be  capable  of  generating  15  feet  of  water  head  (the  static  head)  to 
push  water  over  the  high  point  in  the  system.  Once  the  water  begins 
to  "fall  over"  the  high  point,  a siphon  will  be  established  and  the 
pump  no  longer  needs  to  generate  the  static  head.  However,  the  pump 
must  then  generate  the  "flowing"  or  "operating"  head  necessary  to 
overcome  friction  pressure  drop  through  the  collectors,  tubing,  and 


heat  exchanger.  This  means  that  the  pump  has  two  "operating  points" 
- one  at  start-up  when  the  siphon  is  not  established  and  one  at 
operation  when  the  siphon  is  established. 

If  the  system  is  an  open-loop  or  oversized-return  drain-back 
system  in  which  a siphon  is  never  established,  the  pump  must  always 
generate  sufficient  head  to  overcome  the  static  plus  the  operating 
heads . 

Now  we  find  the  component  pressure  drops. 

Solar  Collectors 


The  collector  manufacturer's  data’ sheet  gives  a pressure  drop  of 
0.05  ft  water  per  collector  at  1.5  gpm  water  flow.  Since  the 
collectors  are  in  parallel,  this  pressure  drop  of  0.05  ft  water  is 
the  total  across  the  two  collectors.  (Note : If  the  collectors  were 
in  series,  we  would  add  the  drop  for  each  collector  and  get  a total 
of  0.10  ft  water. ) 

Heat  Exchanger 

The  exchanger  manufacturer's  data  sheet  gives  a pressure  drop  of 
5 psi  at  a water  flow  rate  of  3 gpm.  To  convert  psi  to  ft  water,  we 
multiply  by  2.31  and  get  a total  heat  exchanger  pressure  drop  of 


11.55  ft  water . 


Copper  Tubing  and  Fittings 


We  will  look  at  both  1/2"  and  3/4"  Type  L copper  tube  sizes. 
Figure  2 (page  12)  of  the  Copper  Tube  Handbook  gives  the  following 
pressure  drops  with  a water  flow  rate  of  3 gpm: 

1/2"  Type  L - 8 psi  (or  18.48  ft  water)  per  100  ft  of  tube 

3/4"  Type  L - 1.8  psi  (or  3.23  ft  waater)  per  100  ft  of 

tube 

We  can  also  use  this  Figure  2 to  determine  that  the  velocity 
through  the  tubing  for  3 gpm  of  water  flow  is  approximately: 

1/2"  Type  L - 4 ft/sec 
3/4"  Type  L - 2 ft/sec. 

The  "rule  of  thumb"  for  maximum  velocity  to  prevent  erosion  and 
noise  is  4 to  6 ft/sec,  so  either  1/2"  or  3/4"  Type  L tubing  is 
satisfactory. 

Table  8 (page  13)  of  the  Copper  Tube  Handbook  shows  that  a 1/2" 
90°  elbow  is  equivalent  to  1 foot  of  1/2"  copper  tube  in  terms  of 
pressure  drop  and  that  a 3/4"  90°  elbow  is  equivalent  to  1.25  feet  of 
3/4"  tube.  Therefore,  in  our  system  with  15  elbows,  these  fittings 
are  equivalent  to  the  following: 


15  - 1/2"  90°  elbows  = 15  feet  of  1/2"  tube 

and 

15  - 3/4"  90°  elbows  = 18.75  feet  of  3/4"  tube. 

Now  we  can  get  the  total  pressure  drop  for  the  tubing  and 
fittings : 

for  1/2"  tubing,  (50  + 15)  ft  tubing  x 18 . 48  ..f  t_  wat^r  = 12. 01  ft  water 

100  ft  tubing 

for  3/4"  tubing,  (50  + 18.75)  ft  tubing  x 3 .23,  ft  water  = 2.22  ft  water 

100  ft  tubing 

Total  Operating  Pressure  Drop  or  Head  Loss 

Now  we  can  add  the  component  pressure  drops  for  the  1/2  " tubing 
and  3/4"  tubing  cases: 


Collector 

Heat  Exchanger 

Tubing  & Fittings 
Total  Operating 
Pressure  Drop 

Pump  Selection 

In  the  case  of  1/2"  tubing  and  fittings  for  the  solar  collector 
loop,  we  require  a pump  that  can  generate  a maximum  of  about  24  ft 
water  head  at  3 gpm  water  flow  (the  "operating"  pressure  drop). 


1/2"  tubing 

0.05  ft  water 
11.55  ft  water 
12.01  ft  water 
23.61  ft  water 


3/4"  tubing 

0.05  ft  water 
11.55 

2.22  ft  water 
13.82  ft  water 


Referring  to  the  pump  curves,  we  see  that  the  following  pumps  are 
capable  of  24  ft  water  head  at  3 gpm: 

1.  Single  009,  1/20  HP 

2.  Signle  UP  40-7 5V,  1/6  HP 

3.  Single  UP  26-96F,  1/12  HP 

4.  Dual  UP  26-64F  (in  series),  1/6  HP 

5.  Dual  008  (in  series),  1/12  HP 

6.  Dual  UPS  20-42F  at  speed  3 (in  series),  1/10  HP. 

(Note : When  centrifugal  pumps  are  connected  in  series,  the  head 

doubles  at  any  given  flow.  When  connected  in  parallel,  the  flow 

doubles  at  any  given  head). 

From  a design  standpoint,  it  is  advisable  to  oversize  a pump 
somewhat  (but  not  excessively)  to  allow  for  unaccounted  pressure 
drops  and  to  use  single  pumps  when  possible  (to  reduce  costs, 
complexity,  maintenance,  etc.).  Therefore  the  1/12-HP  pump  number  3 
above  is  a suitable  choice.  A ball  valve  and  a drainable  in-line 
flow  meter  located  in  the  collector  supply  line  can  be  used  to  adjust 
the  flow  rate  to  30  gpm. 

In  the  case  of  3/4"  tubing  and  fittings,  we  require  a pump  that 
can  generate  a maximum  of  about  15  ft  water  head  at  3 gpm  water  flow 
(the  "start-up"  or  static  head).  Referring  to  the  pump  curves,  we 
see  that  the  following  pumps  are  capable  of  15  ft  water  head  at  3 


gpm: 


1.  Single  009,  1/20  HP 

2.  Single  008,  1/25  HP 

3.  Single  UP  40-7 5D,  1/6  HP 

4.  Single  UP  26-96F,  1/12  HP 

5.  Single  UP  26-64F,  1/12  HP 

6.  Dual  006  (in  series),  1/20  HP 

7.  Dual  UPS  20-42F  at  speed  2 (in  series),  1/16  HP 

Based  on  the  guidelines  mentioned  in  the  preceding  case,  either 
pumps  1 or  5 would  be  suitable.  However,  since  1 has  a lower 
horsepower  rating  than  5,  pump  1 is  more  suitable.  Again,  we  would 
use  a valve  and  drainable  flowmeter  to  adjust  the  flow  to  3 gpm. 

The  pump  selected  can  contain  cast  iron  "welted"  parts  since  the 
collector  loop  is  closed  and  fresh  air  is  not  introduced  into  the 
system  each  time  the  collectors  and  piping  drain  to  the  drain-back 
tank. 

Tube  Size  Selection 

We  see  that  the  selection  of  tube  size  is  a trade-off  since 
either  1/2"  or  3/4"  will  accomplish  the  task  when  the  pump  is 
correctly  selected.  In  the  case  of  1/2",  the  pressure  drop,  fluid 
velocity,  and  pump  horsepower  ("parasitic  energy")  are  higher  than 
those  for  the  3/4"  case,  but  the  costs  of  tubing,  fittings,  pipe 
insulation,  solder,  etc.  are  lower.  The  decision  can  be  based  on  an 
economic  analysis  of  the  extra  initial  cost  of  the  3/4"  case  versus 
lower  pumping  costs. 


In  general,  the  lower  velocity  (and  therefore  lower  potential  for 
long-term  erosion  and  noise)  and  lower  pumping  costs  associated  with 
3/4"  tubing  relative  to  1/2"  tubing  outweigh  the  cost  advantage  of 


using  1/2"  tubing. 
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Pump  Curves  for  Several  Centrifugal 
Pumps  Typically  Used  in  SDHW  Systems 
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Pump  Horsepower  Ratings 


009 

008 

007 

006 


1/20  HP 
1/25 
1/25 
1/40 


Courtesy  of  Taco,  Inc.,  Cranston,  RI 


UP  40-7 5U  - 
UP  26-96F  - 

UP  26-64F  - 

UPS  20-42F 
Speed  1 
Speed  2 - 

Speed  3 - 


1/6 

1/12 

1/12 


1/64 

1/32 

1/20 


Courtesy  of  Grundfos,  Inc.,  Clovis,  CA 


EXAMPLE  2 


A closed-loop  antifreeze  (60%  propylene  glycol/40%  water)  SDHW 
system  will  be  installed  in  a residence.  The  system  will  include  two 
roof-mounted  4'  x 8'  flat-plate  collectors  connected  in  parallel,  a 
120-gallon  solar  storage  tank,  an  external  counter-flow  heat 
exchanger  with  double-wall  construction,  and  other  system  components 
common  to  antifreeze-based  systems  (expansion  tank,  check  valve,  air 
vent,  relief  valve,  etc.). 

We  wish  to  size  two  centrifugal  pumps  (for  solar  collector  loop 
and  potable  water  loop)  and  the  copper  tubing  for  each  loop. 

Data 

1.  The  collector  manufacturer  recommends  that  the  antifreeze 
flow  rate  for  each  collector  is  1.7  gpin. 

2.  The  total  length  of  copper  tubing  in  the  solar  collector 
loop  is  estimated  to  be  500  ft  and  includes  15  90°  elbows,  5 
tees,  and  a swing  check  valve. 

3.  The  total  length  of  copper  tubing  in  the  potable  water  loop 
is  estimated  to  be  10  ft  and  includes  6 90°  elbows. 


4.  The  heat  exchanger  manufacturer  recommends  that  the  potable 
water  flow  rate  through  the  exchanger  is  8 gpm. 

Calculations 


Since  each  collector  requires  1.7  gpm  and  the  two  collectors  are 
connected  in  parallel,  the  total  flow  rate  through  the  collector  loop 
is  3.4  gpm.  The  flow  rate  through  the  potable  water  loop  is  8 gpm. 

In  a closed-loop  antifreeze  system,  the  solar  collector  loop  is 
always  full  of  fluid  so  that  a siphon  is  established  immediately  upon 
pump  start-up.  (In  fract,  a check  valve  is  required  in  the  solar 
collector  loop  so  that  the  antifreeze  can  not  reverse  thermosiphon 
when  the  solar  circulator  pump  is  off.)  Therefore,  the  solar  pump 
does  not  need  to  generate  sufficient  head  to  lift  the  fluid  to  the 
highest  point  in  the  system.  The  solar  pump  needs  only  to  overcome 
the  "flowing"  or  "operating"  friction  pressure  drop  or  head  loss  at 
the  desired  flow  rate  (in  this  case  3.4  gpm).  Likewise,  the  potable 
water  pump  needs  to  overcome  the  operating  pressure  drop  at  the 
desired  flow  rate  (8  gpm). 

Now  we  find  the  component  pressure  drops  for  the  solar  collector 
loop. 

Solar  Collectors 


The  collector  manufacturer's  data  sheet  gives  a pressure  drop  of 
0.08  ft  water  per  collector  at  1.7  gpm  antifreeze  flow.  Since  the 


collectors  are  in  parallel,  this  is  the  total  pressure  drop  across 
the  two  collectors. 

Heat  Exchanger 

The  exchanger  manufacturer's  data  sheet  gives  a pressure  drop  of 
1.2  ft  water  at  3.4  gpm  antifreeze  flow  for  the  solar  side  of  the 
exchanger. 

Copper  lubini^  and  Fittings 

We  will  look  at  both  1/2"  and  3/4"  Type  L copper  tube;  Figure  2 
(page  12)  of  the  Copper  Tube  Handbook  gives  the  following  pressure 
drops  with  a water  flow  rate  of  3.4 

1/2"  Type  L - 9 psi  (or  20.79  ft  water)  per  100  ft  of  tube 

3/4"  Type  L - 1.7  psi  (or  3.93  ft  water)  per  100  ft  of 

tube. 

Figure  2 also  shows  that  the  flow  velocity  for  3.4  gpm  is 
approximately : 

1/2"  Type  L - 4 ft/sec 
3/4"  Type  L - 2 ft /sec. 

The  "rule  of  thumb"  for  maximum  velocity  is  4 - 6 ft/sec  so 
either  1/2"  or  3/4"  is  satisfactory. 


Table  8 (page  13)  of  the  Copper  Tube  Handbook  gives  the  following 
equivalent  lengths  for  fittings: 

Equivalent  Length  (ft  of  tube) 


Fitting 

1/2" 

3/4" 

90°  elbow 

1 

1.25 

Tee 

0.3 

0.4 

Check  valve  (use  globe 

7.5 

10 

valve  data) 

. - ' -If  . ^ ^ 

The  total  equivalent  lengths  for  the  fittings  (15  elbows,  5 tees, 
and  a check  valve)  are" 

1/2"  - 15  + 1.5  + 7.5  = 24  ft  of  tube 
3/4"  - 18.75  + 2.0  + 10  = 30.75  ft  of  tube. 

Now  we  can  get  the  total  pressure  drop  for  the  tubing  and 
fittings  assuming  3.4  gpm  of  water  flow: 


for  1/2"  tubing,  (50  + 24)  ft  tubing  x 20. 79_f t water  = 15.38  ft  water 

100  ft  tubing 


for  3/4"  tubing,  (50  + 30.75)  ft  tubing  x 3.93.  ft  water  = 2.17  ft  water 

100  ft  tubing 


These  tubing  and  fitting  pressure  drops  are  based  on  water  flow. 


To  adjust  for  the  higher  viscosity  of  the  60/40  antifreeze  solution. 


we  need  to  multiply  the  pressure  drop  by  1.4  (a  correction  factor 


developed  from  glycol  manufacturers'  information): 


= 21 . 53  ft  water 

= 4.44  ft  water 


1/2"  tubing,  15.38  x 1.4 
3/4"  tubing,  3.17  x 1.4 


Total  Solar  Loop  Pressure  Drop  or  Head  Loss 


Components 


1/2"  tubing 


3/4"  tubing 


Collector 
Heat  Exchanger 
Tubing  & Fittings 


0.08  ft  water 
1.20 
21.53 


0.08  ft  water 
1.20 
4.44 


Total  Pressure 
Drop 


22.81  ft  water 


5.72  ft  water 


Pump  Selection/Solar  Loop 

For  1/2"  tubing,  we  can  select  either  the  009  or  the  UP  26-96F 


pump . 


For  3/4"  tubing,  we  can  select  either  the  006  or  the  UPS  20  42F 
(speed  2)  pump. 

In  either  case  we  can  use  a valve  and  an  in-line  flcwmeter  to 
adjust  the  solar  loop  flow  rate.  Since  the  solar  loop  is  closed  and 
oxygen-free,  the  pump  can  contain  cast  iron  wetted  parts. 

Potable  Water  Loop  Pressure  Drop 


Figure  2 (page  12)  in  the  Copper  Tube  Handbook  shows  that  the 
velocities  of  water  in  1/2"  and  3/4"  Type  L tubing  for  8 gpm  flow 


rate  are  approximately: 


1/2"  Type  L - 11  ft/sec 


3/4"  Type  L 


5 ft/sec. 


Since  the  velocity  in  1/2"  tubing  exceeds  4-6  ft/sec,  we  must 
select  3/4'  tubing  for  the  potable  water  loop.  The  pressure  drop  for 
10  ft  of  3/4"  tubing  and  6 elbows  for  8 gpm  water  flow  is: 

(10  + 7.5)  ft  tubing  x 17.33  ft  water  3.03  ft  water 

100  ft  tubing 


Data  from  the  heat  exchanger  manufacturer  gives  a pressure  drop 
of  1.3  ft  water  at  8 gpm  water  flow  for  the  water  side  of  the 
exchanger. 

The  total  pressure  drop  for  the  potable  water  loop  is: 

(3.03  + 1.3)  = 4.33  ft  water. 

Pump  Selection/Potable  Water  Loon 


To  achieve  8 gpm  water  flow  at  4.33  ft  water  head,  we  can  select 
either  the  006  or  the  UPS  20°-42Of  (speed  2)  pump.  Since  the  potable 
water  will  contain  dissolved  oxygen,  the  pump  selected  must  contain 
bronze  or  stainless  steel  wetted  parts  so  that  rust  will  not  occur. 
(No^:  The  above  UPS  20-42F  pump  has  a cast  iron  body  and  should  not 
be  used  for  the  potable  water  loop.  The  UP  25-42SF  (not  shown  on 
pump  curve  diagram)  has  a similar  pump  curve  and  bronze  body  so  it 
can  replace  the  UPS  20°-42°F.) 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  20<f  per 
copy,  for  a total  cost  of  $120.00,  which  includes  $120.00  for  printing  and  $.00  for  distribution. 


GRUNDFOS 


Designed  for  drainback/draindown 
solar  system  applications 


For  Solar  Drainback  Systems, 
Grundfos  Models  UP26-96  BF  and  UP26-96  F 


High  Performance  for  High  Head, 
Low  How  Appiications 


The  Grundfos 
UP26-96  features: 

• Flows  to  26  GPM 

• 31  foot  shut-off  head 

• Stainless  steel-fitted  quaiity 


Performance  Curve 


• Self-iubrication 

• Maintenance  free 


• Quiet  operation 

Stainless  Steel,  Built-to-Last 


The  new  UP26-96  models  expand  the 
quality  line  of  Grundfos  Stainless  Steel- 
fitted  circulators.  All  vital  components 
from  the  pump  impeller  to  the  rotor 
cladding  are  fabricated  of  corrosion- 
resistant,  high-grade  stainless  steel. 
This  uncompromised  quality  means 
Grundfos  circulators  are  built-to-last  for 
years  of  trouble-free  operation. 
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15 


20 


25 


Flow  (GPM) 


Accessories 


Flange  Sets:  3/4”,  1”,  1-1/4”  and  1-1/2” 
Bronze  Isolation  Valves:  3/4”,  1”  and  1-1/4” 


Materials  of  Construction 


6-1/2”  5-1/16”  1-5/16”  4-3/16”  3-9/16”  6-3/8”  12 


Electrical 

Hp  Volts 

Amps 

Watts 

RPM 

Capacitor 

1/12  115 

1.85 

205 

3310 

10  MF/160  V 

Stainless-SteeH:  Impeller,  inlet  cone,  bearing  plate  and 
bearing  retainers,  rotor  can,  rotor  cladding,  rotor  im- 
peller, shaft  retainer. 

Aluminum:  Stator  housing,  terminal  box. 

Aluminum  Oxide  Ceramic:  Shaft,  upper  and  lower 
radial  bearings. 

Metal  Impregnated  Carbon:  Thrust  bearing. 

Cast  Iron  or  Bronze:  Pump  housing  (volute). 

EP  (Ethylene  propylene  rubber):  0-ring,  gasket, 
flange  gaskets. 

Copper  Rotor  end  caps. 


GRUNDFOS 


♦1 
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New  flanged  design  . 

with  same  high  ' 

performance  as  the 
UP40-75U  & BU  modeis. 

Designed  for  High  Flow 


Open  and  Closed  Systems 


High  Performance 

For  Hi^  Flow  Applications 


Grundfos  UP43-75F 
or  BF  features: 

• Availability  with  cast  iron  (F) 
or  bronze  (BF)  pump  housing 

• Easily  interchangeable  with 
industry  standard  flange-to- 
flange  and  bolt  hole 
dimensions;  no  need  for 
re-piping 

• Quality  stainless  steel-fitted 
construction  for  long  life 

• No  oiling  or  maintenance 
necessary  with  the  Grundfos 
self-lubricating  design 

• Quiet  operation 

• Dependable  service  backed 
by  our  “hassle-free” 
18-month  warranty 

Applications: 

UP43-75  models  are  ideally  suited  for 
high  flow/moderate  head  installations, 
such  as  closed  loop  heating  systems 
and  multiple  zones  and  solar  systems 
with  parallel  panel  arrangements. 

• Flows  to  44  gpm  and  up  to  24 
feet  of  head 

• Water  temperatures  up  to  230° F 

• Maximum  system  pressures  to 
142  p.s.i. 


Performance  Curve 


Flow  GPM 

Accessories 

Flange  Sets:  1-1/2”  cast  iron  or  bronze. 

Materials  of  Construction 

Stainless  Steel:  Impeller,  inlet  cone,  bearing  plate  and 
bearing  retainers,  rotor  can,  rotor  cladding,  shaft  retainer. 
Aluminum:  Stator  housing,  terminal  box. 

Aluminum  Oxide  Ceramic:  Shaft,  upper  and  lower 
radial  bearings. 

Metal  Impregnated  Carbon:  Thrust  bearing. 

Cast  Iron  or  Bronze:  Pump  housing  (volute). 

EP  (Ethylene  propylene  rubber):  0-ring,  gasket, 
flange  gaskets. 

Copper:  Rotor  end  caps. 


Dimensions  and  Weights 

^ Net 

A B C D E F H Wt.  Lbs. 

8-9/16  5-3/16  1-7/16  4-3/4  3-5/8  3-7/16  6-5/8  12-3/4 


Electrical 

HP  Volts 

Amps  Watts  RPM 

Capacitor 

1/6  115 

2J5  225  3250 

10  MF/160V 

UP-SL-011 
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Fittings 

Solders 
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.26 

.26 

.26 

.29 

.29 

.29 

.30 

.30 

.30 

.30 

.30 

.31 

.31 

.31 

.33 

.33 

.33 

.36 

.36 

.36 

.37 

.38 


NOTICE.  This  Handbook  has  been  prepared  for  the  use  of  journeymen,  plumbing  and  heating  contractors,  engineers,  and  others 
involved  in  the  design  or  installation  of  plumbing,  heating,  air-conditioning  and  refrigeration  systems.  It  has  been  compiled  from 
information  sources  the  Copper  Development  Association  Inc.  believes  to  be  competent.  However,  recognizing  that  each  system 
must  be  designed  and  installed  to  meet  the  particular  circumstances,  CDA  assumes  no  responsibility  or  liability  of  any  kind  in 
connection  with  this  Handbook  or  its  use  by  any  person  or  organization  and  makes  no  representations  or  warranties  of  any  kind  hereby. 
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Introduction 

Since  before  the  dawn  of  history  — when  primitive 
man  first  discovered  copper  — the  red  metal  has 
constantly  served  the  advancement  of  civilization. 
Archeologists,  probing  ancient  ruins,  have  discov- 
ered that  this  enduring  metal  was  a great  boon  to 
many  peoples.  Tools  for  handicraft  and  agriculture, 
weapons  for  hunting,  and  articles  for  decorative 
and  household  uses  were  wrought  from  copper  by 
early  civilizations.  The  craftsmen  who  built  the  great 
pyramid  for  the  Egyptian  Pharaoh,  Cheops,  fash- 
ioned copper  pipe  to  convey  water  to  the  royal 
bath.  A remnant  of  this  pipe  was  unearthed  some 
years  ago,  still  in  usable  condition,  a testimonial  to 
copper’s  durability  and  resistance  to  corrosion. 

Modern  man,  recognizing  that  no  material  is 
superior  to  copper  for  conveying  water,  has  re- 
established it  as  the  prime  material  for  such  pur- 
poses. Years  of  trouble-free  service  in  installations 

Standard  tubes 

LONG  LASTING  COPPER  TUBE  is  a favorite  choice 
in  plumbing,  heating,  cooling,  and  other  systems  ap- 
plications. In  the  United  States,  it  is  manufactured 
to  meet  the  requirements  of  specifications  estab- 
lished by  the  American  Society  for  Testing  and  Ma- 
terials (ASTM*).  All  tube  supplied  to  these  ASTM 
standards  is  a minimum  of  99.90  percent  pure  cop- 
per. The  copper  customarily  used  for  tubes  supplied 
to  these  specifications  is  deoxidized  with  phos- 
phorus and  referred  to  as  Copper  No.  122  or  DHP 
Copper.  Other  ooppers  are  also  sometimes  used. 

Types  of  copper  tube 

There  are  two  prinoipal  classes  of  copper  tube.  The 
first  is  commonly  referred  to  as  plumbing  tube  and 
includes  Types  K,  L,  M,  and  DWV.  The  second  is 
ACR  tube,  for  air  conditioning  and  refrigeration 
field  service. 

These  classes  and  types  of  tube  are  commer- 
cially available  in  the  tempers  and  lengths  de- 
scribed in  Table  1 . 

Types  K,  L,  M,  and  DWV  are  designated  by  ASTM 
standard  sizes,  with  the  outside  diameter  always 
Vs -inch  larger  than  the  standard  size.  Each  type  (K, 
L,  M,  and  DWV)  represents  a series  of  sizes  with 
different  wall  thicknesses.  The  inside  diameters  de- 
pend on  tube  size  and  wall  thickness.  All  four  types 


here  and  abroad  have  gained  a new  reputation  for 
copper  piping  in  its  modern  form  — light,  strong, 
corrosion  resistant  tube.  It  serves  all  kinds  of  build- 
ings: single-family  homes,  high  rise  apartments,  and 
industrial,  commercial,  and  office  buildings. 

Today,  copper  tube  for  the  plumbing,  heating, 
and  air  conditioning  industries  is  available  in  drawn 
and  annealed  tempers  (referred  to  in  the  trades  as 
“hard”  and  “soft”)  and  a wide  range  of  diameters 
and  wall  thicknesses.  Readily  available  fittings 
serve  every  design  application.  Joints  are  simple, 
reliable,  and  economical  to  make  — additional  rea- 
sons for  selecting  copper  tube. 

Today,  nearly  5,000  years  after  Cheops,  copper 
developments  continue  as  the  industry  pioneers 
broader  uses  for  copper  tube  in  engineered 
plumbing  systems  for  new  and  retrofitted  residen- 
tial, industrial,  and  commercial  installations. 


are  available  in  drawn  temper  in  straight  lengths 
ordinarily  20  feet  long.  Types  K,  L and  M are  avail- 
able also  in  annealed  temper  in  20-ft  straight  lengths 
or  in  long  coils  in  sizes  from  y4-inch  to  2-inch. 

Copper  tube  for  air  conditioning  and  refrigera- 
tion field  service  (ACR  tube)  is  designated  by  its 
actual  outside  diameter.  It  is  available  in  soft  an- 
nealed coils  or  hard-drawn  lengths.  It  is  intended 
for  use  in  the  field  with  special  fittings  for  connec- 
tions, repairs,  and  alterations  in  air  conditioning 
and  refrigeration  installations. 

In  the  piping  trades,  drawn  tube  is  often  referred 
to  as  “hard”  tube,  and  annealed  tube  as  “soft”  tube. 
Drawn  tube  is  also  furnished  in  a “bending  temper.” 
This  light-drawn  temper  of  intermediate  strength 
and  hardness  may  be  specified  for  applications  re- 
quiring bending.  Tube  in  the  hard  temper  condition 
can  be  joined  by  soldering  or  brazing,  using  capil- 
lary fittings,  or  by  welding.  Tube  in  the  bending  and 
soft  tempers  can  be  joined  by  the  same  techniques 
and  also  by  the  use  of  flare-type  compression  fit- 
tings. It  is  also  possible  to  expand  the  end  of  one 
tube  so  that  it  can  be  joined  to  another  by  solder- 
ing or  brazing  without  a capillary  fitting  — a pro- 
cedure that  can  be  efficient  and  economical  in  many 
installations. 

‘American  Society  for  Testing  and  Materials, 

1916  Race  Street,  Philadelphia,  Pa.  19103 
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table  1 Standard  copper  plumbing  tube 

Types  — Tempers  — Lengths 


COMMERCIALLY  AVAILABLE  LENGTHS 

TUBE 

DRAWN 

ANNEALED 

Type  K 

Straight  Lengths: 

Up  to  8-inch  diameter  20  ft 

1 0-inch  diameter  18  ft 

12-inch  diameter  12  ft 

Straight  Lengths: 

Up  to  8-inch  diameter  20  ft 

10-inch  diameter  18  ft 

12-inch  diameter  12  ft 

Coils: 

Up  to  1-inch  diameter  60  ft 

100  ft 

1 V4  and  1 V2-inch  diameter  60  ft 

2-inch  diameter  40  ft 

45  ft 

Type  L 

Straight  Lengths: 

Up  to  10-inch  diameter  20  ft 

12-inch  diameter  18  ft 

Straight  Lengths: 

Up  to  10-inch  diameter  20  ft 

1 2-inch  diameter  18  ft 

Coils: 

Up  to  1 -inch  diameter  60  ft 

100  ft 

11/4  and  11/2 -inch  diameter  60  ft 

2-inch  diameter  40  ft 

45  ft 

Type  M 

Straight  Lengths: 

Aii  diameters  20  ft 

Straight  Lengths: 

Up  to  1 2-inch  diameter  20  ft 

Coiis: 

Up  to  1-inch  diameter  60  ft 

100  ft 

1 1/4  and  1 1/2 -inch  diameter  60  ft 

2-inch  diameter  40  ft 

45  ft 

DWV 

Straight  Lengths: 

Ali  diameters  20  ft 

Notavailabie  — 

ACR 

Straight  Lengths* : 20  ft 

Coiis*:  50  ft 

*See  Table  3 for  availability  of  diameters  in  drawn  and  annealed  tempers. 
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table  2 Physical  characteristics  of  copper  tube 

Types  K,  L,  M and  DWV 


i 

TYPE  K 

Nominal  Dimensions,  inches 

Calculated  Values,  Based  on  Nominal  Dimensions 

Size,  inches 

Outside 

Diameter 

Inside 

Diameter 

Wall 

Thickness 

Cross 

Sectional 

Area  of  Bore, 
sq  inches 

External 
Surface, 
sq  ft 
per  lin  ft 

Internal 
Surface, 
sq  ft 
per  lin  ft 

Weight, 
pounds 
per  lin  ft 

V4 

.375 

.305 

.035 

.073 

.098 

.080 

0.145 

% 

.500 

.402 

.049 

.127 

.131 

.105 

0.269 

V2 

.625 

.527 

.049 

.218 

.164 

.138 

0.344 

5/8 

.750 

.652 

.049 

.334 

.196 

.171 

0.418 

% 

.875 

.745 

.065 

.436 

.229 

.195 

0.641 

1 

1.125 

.995 

.065 

.778 

.294 

.261 

0.839 

V/4 

1.375 

1.245 

.065 

1.22 

.360 

.326 

1.04 

IV2 

1.625 

1.481 

.072 

1.72 

.425 

.388 

1.36 

2 

2.125 

1.959 

.083 

3.01 

.556 

.513 

2.06 

21/2 

2.625 

2.435 

.095 

4.66 

.687 

.638 

2.93 

3 

3.125 

2.907 

.109 

6.64 

.818 

.761 

4.00 

31/2 

3.625 

3.385 

.120 

9.00 

.949 

.886 

5.12 

4 

4.125 

3.857 

.134 

11.7 

1.08 

1.01 

6.51 

5 

5.125 

4.805 

.160 

18.1 

1.34 

1.26 

9.67 

6 

6.125 

5.741 

.192 

25.9 

1.60 

1.50 

13.9 

8 

8.125 

7.583 

.271 

45.2 

2.13 

1.98 

25.9 

10 

10.125 

9.449 

.338 

70.1 

2.65 

2.47 

40,3 

12 

12.125 

11.315 

.405 

101. 

3.17 

2.96 

57.8 

TYPE  L 

V'  '"v--- 

1/4 

.375 

.315 

.030 

.078 

.098 

.082 

0.126 

3/8 

.500 

.430 

.035 

.145 

.131 

.113 

0.198 

V2 

.625 

.545 

.040 

.233 

.164 

.143 

0.285 

5/8 

.750 

.666 

.042 

.348 

.196 

.174 

0.362 

3/4 

.875 

.785 

.045 

.484 

.229 

.206 

0.455 

1 

1.125 

1.025 

.050 

.825 

.294 

.268 

0.655 

11/4 

1.375 

1.265 

.055 

1.26 

.360 

.331 

0.884 

11/2 

1.625 

1.505 

.060 

1.78 

.425 

.394 

1.14 

2 

2.125 

1.985 

.070 

3.09 

.556 

.520 

1.75 

21/2 

2.625 

2.465 

.080 

4.77 

.687 

.645 

2.48 

3 

3.125 

2.945 

.090 

6.81 

.818 

.771 

3.33 

31/2 

3.625 

3.425 

.100 

9.21 

.949 

.897 

4.29 

4 

4.125 

3.905 

.110 

12.0 

1.08 

1.02 

5.38 

5 

5.125 

4.875 

.125 

18.7 

1.34 

1.28 

7.61 

6 

6.125 

5.845 

.140 

26.8 

1.60 

1.53 

10.2 

8 

8.125 

7.725 

.200 

46.9 

2.13 

2.02 

19.3 

10 

10.125 

9.625 

.250 

72.8 

2.65 

2.53 

30.1 

12 

12.125 

11.565 

.280 

105. 

3.17 

3.03 

40.4 
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table  2 (cont’d) 


1 

TYPE  M 

1 

I 

1 

. f 

Nominal  Dimensions,  inches 

Calculated  Values,  Based  on  Nominal  Dimensions 

Size,  inches 

Outside 

Diameter 

Inside 

Diameter 

Wall 

Thickness 

Cross 

Sectional 

Area  of  Bore, 
sq  inches 

External 
Surface, 
sq  ft 
per  lin  ft 

Internal 
Surface, 
sq  ft 
per  lin  ft 

Weight, 
pounds 
per  lin  ft 

3/8 

.500 

,450 

.025 

.159 

.131 

.118 

0.145 

1/2 

.625 

.569 

.028 

.254 

.164 

.149 

0.204 

3/4 

.875 

.811 

.032 

.517 

.229 

.212 

0.328 

1 

1.125 

1.055 

.035 

.874 

.294 

.276 

0.465 

11/4 

1.375 

1.291 

.042 

1.31 

.360 

.338 

0.682 

11/2 

1.625 

1.527 

.049 

1.83 

.425 

.400 

0.940 

2 

2.125 

2.009 

.058 

3.17 

.556 

.526 

1.46 

21/2 

2.625 

2.495 

.065 

4.89 

.687 

.653 

2.03 

3 

3.125 

2.981 

.072 

6.98 

.818 

.780 

2.68 

31/2 

3.625 

3.459 

.083 

9.40 

.949 

.906 

3.58 

4 

4.125 

3,935 

.095 

12.2 

1.08 

1.03 

4.66 

5 

5.125 

4.907 

.109 

18.9 

1.34 

1.28 

6.66 

6 

6.125 

5.881 

.122 

27.2 

1.60 

1.54 

8.92 

8 

8.125 

7.785 

.170 

47.6 

2.13 

2.04 

16.5 

10 

10.125 

9.701 

.212 

73.9 

2.65 

2.54 

25.6 

12 

1 12.125 

11.617 

.254 

106. 

3.17 

3.04 

36.7 

type  DWV 

V/4 

1.375 

1.295 

.040 

1.32 

.360 

.339 

.65 

V/2 

1.625 

1.541 

.042 

1.87 

.425 

.403 

.81 

2 

2.125 

2.041 

.042 

3.27 

.556 

.534 

1.07 

3 

3.125 

3.030 

.045 

7.21 

.818 

.793 

1.69 

4 

4.125 

4.009 

.058 

12.6 

1.08 

1.05 

2.87 

5 

5.125 

4.981 

.072 

19.5 

1.34 

1.30 

4.43 

6 

6.125 

5.959 

.083 

27.9 

1.60 

1.56 

6.10 

8 

8.125 

7.907 

.109 

49.1 

2.13 

2.07 

10.6 

Properties 

Copper  tubes,  Types  K,  L,  and  M are 
made  according  to  ASTM  Standard 
Specification  B88;  DWV  is  made  to 
ASTM  B306.  The  dimensions  and 
other  physical  characteristics  of 


these  four  types  of  tube  are  given  in 
Table  2.  All  four  types  are  used  for 
both  pressure  and  non-pressure  ap- 
plications within  the  range  of  their 
respective  safe  working  pressures  as 
described  on  pages  15  and  17. 


Seamless  ACR  tube  is  made  to 
ASTM  Standard  Specification  B280, 
The  dimensions  and  physical  char- 
acteristics of  this  tube  are  given  in 
Table  3. 
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table  3 Physical  characteristics  of  copper  tube 


Air  conditioning  and  refrigeration  tube  for  field  service 


I 

Nominai  Dimensions,  inches 

Calculated  Values,  Based  on  Nominal  Dimensions 

Size,  inches 

Outside 

Diameter 

inside 

Diameter 

Wall 

Thickness 

Cross 

Sectional 

Area  of  Bore, 
sq  inches 

External 
Surface, 
sq  ft 
per  lin  ft 

Internal 
Surface, 
sq  ft 
per  lin  ft 

pounds 
per  lin  ft 

Vs 

.125 

.065 

.030 

.00332 

.0327 

.0170 

.0347 

% 

.188 

.128 

.030 

.0129 

.0492 

.0335 

.0577 

1/4 

.250 

.190 

.030 

.0284 

.0655 

.0497 

.0804 

% 

.312 

.248 

.032 

.0483 

.0817 

.0649 

.109 

% 

.375 

.315 

.030 

.0780 

.0982 

.0821 

.126 

3/8 

.375 

.311 

.032 

.0760 

.0982 

.0814 

.134 

Vz 

.500 

.436 

.032 

.149 

.131 

.114 

.182 

Vi 

.500 

.430 

.035 

.145 

.131 

.113 

.198 

5/8 

.625 

.555 

.035 

.242 

.164 

.145 

.251 

5/s 

.625 

.545 

.040 

.233 

.164 

.143 

.285 

3/4 

.750 

.666 

.042 

.348 

.196 

.174 

.362 

% 

.875 

.785 

.045 

.484 

.229 

.206 

.455 

IVe 

1.125 

1.025 

.050 

.825 

.294 

.268 

.655 

13/8 

1.375 

1.265 

.055 

1.26 

.360 

.331 

.884 

1% 

1.625 

1.505 

.060 

1.78 

.425 

.394 

1.14 

2Va 

2.125 

1.985 

.070 

3.09 

.556 

.520 

1.75 

2Vb 

2.625 

2.465 

.080 

4.77 

.687 

.645 

2.48 

3 Vs 

3.125 

2.945 

.090 

6.81 

.818 

.771 

3.33 

3Va 

3.625 

3.425 

.100 

9.21 

.949 

.897 

4.29 

4Va 

4.125 

3.905 

.110 

12.0 

1.08 

1.02 

5.38 

NOTE:  Sizes  shown  in  bold  face  type  are  available  in  annealed  temper  only;  sizes  shown  in  italics  are  available  in  hard  temper  only,  all  others  in  both. 


Color  identification  of 
copper  tube 

Hard  temper  copper  tube  in  straight 
lengths  is  marked  in  accord  with  the 
governing  specifications,  in  distin- 
guishing colors  which  indicate  the 


type,  with  the  type,  the  name  ortrade- 
mark  of  the  manufacturer,  and  the 
country  of  origin.  Incised  markings 
are  sometimes  required  by  specifica- 
tions. Soft  temper  tube  is  not  color 
marked  in  this  way,  but  the  distin- 
guishing colors  are  used  for  identifi- 
cation on  cartons  and  shipping  tags. 


The  colors  are: 

Green  — Type  K Copper  Tube 
Blue  — Type  L Copper  Tube  and 
straight  lengths  of  Copper 
ACR  Tube 

Red  — Type  M Copper  Tube 
Yellow  — Type  DWV  CopperTube 


Selecting  the  right  tube  for  the  job 


Advantages  of  copper  tube 

High-strength,  corrosion  resistant, 
smooth-bore  copper  plumbing  tube 
is  the  leading  choice,  by  far,  of  mod- 
ern contractors  for  plumbing  and 
heating  installations  in  all  kinds  of 
residential  and  commercial  build- 
ings. There  are  seven  primary  rea- 
sons for  this  popularity: 

1.  Copper  resists  corrosion.  Ex- 
cellent resistance  to  corrosion  and 
scaling  assures  long  trouble-free 
service  with  copper  which,  in  turn, 
means  satisfied  customers. 

2.  Copper  is  lightweight,  Copper 
tube  does  not  require  the  heavy 
thickness  of  ferrous  or  threaded 
pipes  of  the  same  internal  diameter. 
This  means  copper  costs  less  to 


transport,  handles  more  easily  and, 
when  installed,  takes  less  space. 

3.  Copper  is  formable.  Because 
copper  tube  can  be  readily  bent  and 
formed,  it  is  frequently  possible  to 
eliminate  elbows  and  joints.  Smooth 
bends  permit  the  tube  to  follow  con- 
tours and  corners  of  any  angle.  With 
soft  temper  tube,  particularly  when 
used  for  renovation  or  modernization 
projects,  much  less  wall  and  ceiling 
space  is  needed. 

4.  Copper  is  easy  to  join.  Copper 
tube  can  be  joined  with  capillary  fit- 
tings. These  fittings  save  material 
and  make  smooth,  neat,  strong  and 
leak-proof  joints.  No  extra  thickness 
orweight  is  necessary  to  compensate 
for  material  removed  by  threading. 

5.  Copper  is  safe.  Copper  tube 


will  not  burn  or  support  combustion 
and  decompose  to  toxic  gases. 
Therefore,  it  will  not  carry  fire  through 
floors,  walls  and  ceilings.  And  no 
volatile  compounds  are  required  for 
installation. 

6.  Copper  is  dependable.  Copper 
tube  is  manufactured  to  well-defined 
composition  standards  and  marked 
with  permanent  identification  so  you 
know  exactly  what  it  is  and  who 
made  it. 

7.  Copper  is  economical.  The 
combination  of  easy  handling,  form- 
ing, and  joining  permits  savings  in 
installation  time,  material  and  over- 
all costs.  Long-term  performance  re- 
liability and  wide  code  acceptance 
make  copper  the  ideal  cost-effective 
piping  material. 
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Recommendations  for 
various  applications 

It  is  the  designer’s  responsibility  to 
determine  the  type  of  copper  tube  to 
be  used  in  a particular  application. 
Strength,  formability,  and  other  me- 
chanical factors  frequently  deter- 
mine the  choice.  Sometimes  building 
or  plumbing  codes  govern  \what  types 
may  be  used.  When  a choice  can  be 
made,  it  is  helpful  to  knowwhich  type 
of  copper  tube  has  served  and  will 
serve  successfully  and  economically 
in  the  following  applications: 

Underground  Water  Services  — Use 
Type  M for  straight  lengths  joined 
with  fittings,  and  Type  L soft  temper 
where  coils  are  more  convenient. 


Water  Distribution  Systems  — Use 
Type  M for  above  and  below  ground. 

Chilled  Water  Mains  — Use  Type  M 
for  sizes  up  to  1 inch  and  Type  DWV 
for  sizes  of  1 V4  inch  and  larger. 

Drainage  and  Vent  Systems  — Use 
Type  DWV  for  above  and  below 
ground,  waste,  soil,  and  vent  lines, 
roof  drainage,  building  drains,  and 
building  sewers. 

Heating  — For  radiant  panel  and  hy- 
dronic  heating,  and  for  snow  melting 
systems,  use  Type  L soft  temper 
where  the  coils  are  formed  in  place 
or  prefabricated.  Type  M where 
straight  lengths  joined  with  fittings 
are  used.  For  hot-water  heating  and 
low-pressure  steam,  use  Type  M for 
sizes  up  to  1 y4  inch  and  Type  DWV 


Design  and  installation  data 


Pressure  system  sizing 

Designing  a copper  tube  water  sup- 
ply system  is  a matter  of  determining 
the  minimum  tube  size  for  each  part 
of  the  total  system  by  balancing  the 
interrelationships  of  six  primary  de- 
sign considerations: 

1.  Available  main  pressure 

2.  Pressure  required  at  individual 
fixtures 

3.  Static  pressure  losses  due  to 
height 

4.  Water  demand  (gallons  per 
minute)  in  the  total  system  and 
in  each  of  its  parts 


5.  Pressure  losses  due  to  the  fric- 
tion of  water  flow  in  the  tube 

6.  Velocity  limitations  based  on 
noise  and  erosion. 

Design  and  sizing  are  influenced 
by  codes  and  must  always  conform 
to  applicable  codes.  But  in  the  final 
analysis  design  must  also  reflect 
judgement  and  the  results  of  engi- 
neering calculations.  Many  codes, 
especially  the  model  codes*,  include 
design  data  and  guidelines  for  sizing 
water  distribution  systems  and  also 
include  examples  showing  how  the 
data  and  guidelines  are  used  to  size 
a system.  Detailed  guidelines  are 


table  4 Examples  of  minimum  copper  tube  sizes 
for  short  branch  connections  to  fixtures 


Fixture 

I 

Copper  Tube  Size,  | 

inches  i 

i 

I 

Drinking  Fountain 

% 

Lavatory 

% 

Water  Cioset  (tank  type) 

% 

Bathtub 

V2 

Dishwasher  (home) 

1/2 

Kitchen  Sink  (home) 

1/2 

Laundry  Tray 

1/2 

Service  Sink 

1/2 

Shower  Head 

1/2 

Siil  Cock,  Hose  Bibb,  Wali  Hydrant 

1/2 

Urinal  (tank  type) 

1/2 

Washing  Machine  (home) 

1/2 

Kitchen  Sink  (commercial) 

% 

Urinal  (flush  valve) 

3/4 

Water  Closet  (flush  valve) 

1 

for  sizes  of  1 y4  inch  and  larger.  For 
condensate  return  lines.  Type  L is 
successfully  used. 

Solar  Heating  — See  “Pleating”  sec- 
tion above.  For  information  on  solar 
installation  and  on  solar  collectors, 
write  CDA.  (See  also  Page  22.) 

Fuel  Oil  and  Underground  Gas  Ser- 
vices— Use  copper  tube  in  accord 
with  local  codes. 

Oxygen  Systems — Use  Type  L or  K, 
suitably  cleaned  for  oxygen  service 
per  NFPA*  Publication  No.  56F, 
“Non-flammable  Medical  Gas 
Systems.” 

•National  Fire  Protection  Association,  470  Atlantic 
Avenue,  Boston,  Massachusetts  02210 


also  to  be  found  in  two  publications 
i:of  the  National  Bureau  of  Standards. 

Small  Systems  — Distribution  sys- 
tems for  single-family  houses  can  be 
sized  easily  on  the  basis  of  expe- 
rience and  any  applicable  code  re- 
quirements, as  can  other  similar 
small  installations.  Detailed  study  of 
the  six  design  considerations  above 
is  not  necessary  in  such  cases.  The 
size  of  the  short  branches  to  indi- 
vidual fixtures  can  be  determined 
by  reference  to  Table4**.  In  general, 
the  mains  servicing  these  fixture 
branches  can  then  be  sized  as 
follows: 

• Up  to  three  %-inch  branches  can 
be  served  by  a y2-inch  main. 

• Up  to  three  1/2 -inch  branches  (or 
up  to  five  %-inch  branches)  can 
be  served  by  a %-inch  main. 

• Up  to  three  %-inch  branches  (or 
correspondingly  more  y2-inch  or 
%-inch  branches)  can  be  served 
by  a 1-inch  main. 

Generous  sizing  within  these  limits 
will  give  good  design  and  the  best 
service.  Working  to  minimum  sizing 
within  these  guidelines  will  give  an 
adequate  system  most  of  the  time, 

*e.g.:  BOCA  Basic  Plumbing  Code,  Building  Offi- 
cials and  Code  Administrators  International,  Inc., 
Chicago,  Illinois;  National  Standard  Piumbing 
Code,  National  Association  of  Plumbing-Heating- 
Cooling  Contractors,  Washington,  D.C.;  South- 
ern Standard  Plumbing  Code,  Southern  Building 
Code  Congress,  Birmingham,  Alabama;  Uniform 
Piumbing  Code,  International  Association  of 
Plumbing  & Mechanical  Officials,  Los  Angeles, 
California. 

fPlumbing  Manual,  Report  BMS66,  National  Bur- 
eau of  Standards,  Washington,  D.C.  (1940).  Water 
Distribution  Systems  for  Buildings  Report  BMS79, 
National  Bureau  of  Standards,  Washington,  D.C. 
(1941). 

**Table  4 also  applies  to  large  systems. 
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table  5 Typical  fixture  unit  values 


Rxture 

Fixture  Unit  Values* 

Private  Use 

Public  Use 

Bathtub  (with  or  without  shower) 

2 

4 

Dishwasher  (home) 

2 

- 

Drirtking  Fountain 

1 

2 

Hospital  Sink  (flushing  rim) 

- 

10 

Kitchen  Sink 

2 

4 

Lavatory 

1 

2 

Laundry  Tray 

2 

4 

Service  Sink 

2 

4 

Shower  (separate,  each  head) 

2 

4 

Urinal  (tank) 

- 

3 

Urinal  (flush  valve) 

- 

5 

Washing  Machine 

2 

4 

Washup  Sink  (circular  spray) 

- 

4 

Water  Closet  (tank) 

3 

5 

Water  Closet  (flush  valve) 

6 

10 

Bathroom  Group  (tank) 

6 

- 

Bathroom  Group  (flush  valve) 

8 

‘Values  are  for  tofal  demand,  hot  and  cold.  For  either  hot  or  cold  demand  by  itself,  use  75%  of  the  total  fixti^  unit  v^e. 
For  detatfs.  ^V^er  Demand."  page  13. 


figure  1 Water-demand  estimating  curve 


depending  on  available  main  pres- 
sure and  the  probability  of  simulta- 
neous use  of  fixtures.  The  water  dis- 
tribution system  in  many  single- 
family homes  with  21/2  baths,  for 
example,  has  been  completely 
plumbed  with  copper  tube  of  3/4 -inch 
size  and  smaller. 

The  sizing  of  more  complex  dis- 
tribution systems  requires  detailed 
analysis  of  each  of  the  size  design 
considerations  listed  above. 


Pressure  Considerations — ^The  water 
service  pressure  at  the  point  where 
the  building  distribution  system  (or 
segment  or  zone  thereof)  begins  de- 
pends either  on  the  local  main  pres- 
sure, the  local  code,  the  pressure 
desired  by  the  system  designer — or 
on  a combination  of  these.  In  any 
case,  it  should  not  be  higher  than 
about  80  psi. 


Some  of  this  pressure  is  lost  im- 
mediately in  flow  through  the  water 
meter,  if  there  is  one.  The  amount  of 
loss  in  a disk-type  meter  depends  on 
flow  rate  and  tube  size.  Design 
curves  and  tables  showing  these  re- 
lationships appear  in  most  model 
codes  and  are  available  from  meter 
manufacturers.  As  a practical  exam- 
ple, a loss  of  10  psi  will  occur  in  the 
meter  for  each  of  the  following  com- 
binations of  flow  and  tube  size  at  the 
meter; 


Tube  Size, 
j Irrches 

I 

Approx. 

Flow  Rate, 
gpm 

% 

22 

1 

35 

IVa 

63 

2 

100 

3 

190 

4 

320 

6 

630 

The  pressure  remaining  after  the 
loss  going  through  the  meter  is  then 
the  available  pressure  to  distribute 
the  water  to  the  various  fixtures 
throughout  the  building.  At  each  fix- 
ture  a minimum  pressure  of  8 psi 
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should  be  available  for  it  to  function 
properly  — except  that  some  fixtures 
require  a higher  minimum  pressure 
for  proper  function,  for  example: 


Flush  valve  for  blow-out  and 
syphon-jet  closets 25  psi 

Flush  valves  for  water  closets 
and  urinals 15  psi 

Sill  cocks,  hose  bibbs  and 

wall  hydrants 10  psi 


Local  codes  and  practices  may  be 
somewhat  different  from  the  above, 
of  course. 

Some  of  the  main  pressure  will 
also  be  lost  in  lifting  the  water  to  the 
highest  fixture  in  the  system.  To  ac- 
count for  this,  multiply  the  elevation 
of  the  highest  fixture,  in  feet,  by  the 
factor  0.434.  This  will  give  the  pres- 
sure needed  to  raise  the  water  to  that 
level.  The  height  difference  is  meas- 
ured starting  at  the  meter,  or  at  what- 
ever other  point  represents  the  start 
of  the  system  or  the  segment  or  zone 
being  considered.  For  example,  a 
difference  of  height  of  30  feet  re- 
duces the  available  pressure  by  13 
psi  (30  X 0.434  = 13.02). 


table  6 Relationship  of  fixture  units  to  water 
demand  (Based  on  figure  1 ) 


Total 

Water  Demand 

gpm 

Fixture  Units 

Tank  Type  WC’s 

Fiush  Valve  WC’s 

5 

4 

22 

10 

8 

27 

20 

14 

35 

30 

20 

42 

40 

24 

46 

50 

28 

51 

75 

37 

60 

too 

43 

68 

200 

65 

91 

300 

85 

110 

400 

106 

127 

500 

124 

142 

600 

143 

157 

700 

161 

170 

800 

178 

183 

1000 

V 

208 

1500 

270 

2000 

327 

3000 

435 

table  7 Pressure  loss  due  to  friction  in  type  M copper  tube 


(Based  on  figure  2) 



Pressure  Loss  per  100  Feet  of  Tube,  psi 

i 

! 

Flow,  gpm 

% 1 

1/2  j 

3/4  j 

’ 1 

Standard  Type  M T 
1/4  1 11/2 

Libe  Size  — 

! 

inches 

21/2  j 

^ 1 

4 

5 

i 

6 j 

1 

2.5 

0.8 

0.2 

2 

8.5 

2.8 

0.5 

0.2 

3 

17.3 

5.7 

1.0 

0.3 

0.1 

4 

28.6 

9.4 

1.8 

0.5 

0.2 

5 

42.2 

13.8 

2.6 

0.7 

0.3 

0.1 

10 

46.6 

8.6 

2.5 

0.9 

0.4 

0.1 

15 

17.6 

5.0 

1.9 

0.9 

0.2 

20 

29.1 

8.4 

3.2 

1.4 

0.4 

0.1 

25 

12.3 

4.7 

2.1 

0.6 

0.2 

30 

17.0 

6.5 

2.9 

0.8 

0.3 

0.1 

35 

8.5 

3.8 

1.0 

0.4 

0.2 

40 

11.0 

4.9 

1.3 

0.5 

0.2 

45 

13.6 

6.1 

1.6 

0.6 

0.2 

50 

7.3 

2.0 

0.7 

0.3 

60 

10.2 

2.7 

1.0 

0.4 

70 

13.5 

3.6 

1.2 

0.5 

0.1 

80 

4.6 

1.6 

0.7 

0.2 

90 

5.7 

2.0 

0.9 

0.2 

0.1 

100 

7.5 

2.7 

1.0 

0.3 

200 

8.5 

3.6 

1.0 

0.3 

0.1 

300 

8.0 

2.0 

0.7 

0.3 

400 

3.3 

1.2 

0.5 

500 

1.7 

0.7 

750 

3.6 

1 .5 

1000 

NOTE;  Numbers  in  bold  face  correspond  to  flow  velocities  of  Just  over  10  ft  per  sec. 
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PRESSURE  DROP  PER  100  FEET  OF  TUBE,  POUNDS  PER  SQUARE  INCH 


figure  2 Pressure  loss  and  velocity  relationships  for  water  flowing  in  copper  tube 


80  100  300  500  700  900  2000  4000  6000  8000 


WATER  FLOW  RATE,  GALLONS  PER  MINUTE 

NOTE:  Fluid  velocities  in  excess  of  5 to  8 ft/sec.  are  not  usually  recommended 
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Water  Demand  — Each  fixture  in  the 
system  represents  a certain  demand 
for  water.  Some  examples  of  approx- 
imate water  demand  in  gallons  per 


minute  (gpm)  of  flow,  are: 

gpm 

Drinking  fountain 0.75 

Lavatory  faucet 2 

Lavatory  faucet,  self  closing.  . .2.5 
Sink  faucet,  WC  tank  ball  cock. 3 
Bathtub  faucet,  shower  head, 

laundry  tub  faucet 4 

Sill  cock,  hose  bibb,  wall 

hydrant 5 

Flush  valve  (depending  on 
design) 15-35 


Adding  up  numbers  like  these  to 
cover  all  the  fixtures  in  an  entire 
building  distribution  system  would 
give  the  total  demand  for  water  us- 
age, in  gallons  per  minute,  if  all  of 
the  fixtures  were  operating  and  flow- 
ing at  the  same  time  — which  of 
course  does  not  happen.  A reason- 
able estimate  of  demand  is  one 
based  on  the  extent  to  which  various 
fixtures  in  the  building  might  actually 
be  used  simultaneously.  Research- 
ers at  the  National  Bureau  of  Stand- 
ards studied  this  question  some 
years  ago.  They  applied  probability 
theory  and  field  observations  to  the 
real-life  problem  of  simultaneous  us- 
age of  plumbing  fixtures. 

The  result  was  a system  for  esti- 
mating total  water  demand  Vi/hich  is 
based  on  reasonable  assumptions 
about  the  likelihood  of  simultaneous 
usage  of  fixtures.  Out  of  this  study 
came  the  concept  of  “fixture  units.” 
Each  type  of  fixture  is  assigned  a fix- 
ture unit  value  which  reflects  (1)  its 
demand  for  water,  that  is,  the  flow 
rate  into  the  fixture  when  it  is  used, 
(2)  the  average  time  duration  of  flow 
when  the  fixture  is  used,  and  (3)  the 
frequency  with  which  the  fixture  is 
likely  to  be  used.  The  results  are 
shown  in  Table  5.  These  values 
show  the  relative  extent  to  which 
different  types  of  fixtures  put  a de- 
mand on  a water  distribution  system, 
their  relative  “loading”  of  the  system. 
Totalling  the  fixture  unit  values  for  all 
the  fixtures  in  a system,  or  for  any 
part  of  the  distribution  system,  gives 
a measure  of  the  load  the  combined 
fixtures  impose  on  the  plumbing  dis- 
tribution and  supply  system. 

This  fixture  unit  total  is  then 
translated  into  expected  maximum 
water  demand  (gpm  of  flow)  by  using 
the  demand  curve  shown  in  Figure  1, 
(P.  10).  Some  numerical  values  from 
Figure  1 are  shown  in  Table  6,  as  an 
example. 


The  demand  calculation  just  des- 
cribed applies  to  fixtures  that  are 
used  intermittently.  To  this  must  be 
added  the  actual  demand  in  gpm  for 
any  fixtures  which  are  designed  to 
run  continuously  when  they  are  in 
use;  for  example,  air  conditioning 
systems,  lawn  sprinkler  systems, 
hose  bibbs,  etc. 

Pressure  Losses  Due  To  Friction — 
The  pressure  available  to  move  the 
water  through  the  distribution 
system  (or  a part  thereof)  is  the  main 
pressure  minus:  (1)  the  pressure  loss 
in  the  meter,  (2)  the  pressure  needed 
to  lift  water  to  the  highest  fixture 
(static  pressure  loss)  and  (3)  the  pres- 
sure  needed  at  the  fixtures 
themselves*.  This  remaining  avail- 
able pressure  must  be  adequate  to 
overcome  the  pressure  losses  due  to 
friction  during  flow  of  the  total  de- 
mand (intermittent  plus  continuous 
fixtures)  through  the  distribution 
system  and  its  various  parts.  The 
final  operation  then  is  to  select  the 
tube  sizes  in  accordance  with  the 
pressure  losses  due  to  friction.  In  ac- 
tual practice  the  design  operation 
may  involve  repeating  the  steps  in 
the  design  process  to  readjust 
pressure,  velocity,  and  size  to 
achieve  the  best  balance  of  main 
pressure,  tube  size,  velocity  and 
available  pressure  at  the  fixtures  for 
the  design  flow  required  in  the 
various  parts  of  the  system. 


Figure  2 shows  the  relationship 
between  flow,  pressure  loss  due  to 
friction,  velocity  and  tube  size  for 
copper  water  tube  types  K,  L and  M. 
These  are  the  data  required  to  com- 
plete the  sizing  calculations.  Table  7 
shows  as  an  example  some  values 
for  Type  M tube  taken  from  the 
curves  in  Figure  2.  For  tube  sizes 
above  about  ^''A  inch  there  is  virtu- 
ally no  difference  between  the  three 
types  of  tube  in  terms  of  pressure 
loss.  This  is  because  the  differences 
in  cross  sectional  area  between  the 
three  types  become  insignificant  as 
the  tube  size  increases.  In  fact,  for 
this  reason,  Figure  2 can  be  used  for 
DWV  tube  as  well. 

The  pressure  loss  values  in  Figure 
2 and  Table  7 are  given  in  terms  of 
100  feet  of  tube.  Tube  segments  less 
than  100  feet  long  cause  pressure 
losses  proportionately  less  than  the 
100-foot  values.  For  30  feet  of  tube, 
for  example,  thelOO-footvalue  would 
be  multiplied  by  0.3.  In  measuring 
the  length  of  a system  or  of  any  of 
its  parts,  the  total  length  of  tube 
must  be  measured  and,  for  close 
estimates,  an  additional  amount 
must  be  added  on  as  an  allowance 
for  the  extra  friction  losses  that  oc- 
cur as  a result  of  valves  and  fittings 

*ln  any  actual  system  there  may  also  sometimes 
be  other  specific  sources  of  pressure  loss  that 
must  be  considered  at  this  point;  e.g.  taps,  back- 
flow  preventers,  filters,  etc. 


table  8 Allowance  for  friction  loss  in  valves 


and  fittings  expressed  as  equivalent 
length  of  ^e 


Equivalent  Length  of  Tube,  feet 

‘ 

Fitting 

Size, 

inches 

Standard  Ells 

90“ 

Tee 

Coupling 

Gate 

Valve 

Globe 

Valve 

90° 

45“ 

Side 

Branch 

Straight 

Run 

3/8 

0.5 

0.3 

0.75 

0.15 

0.15 

0.1 

4 

Vz 

1 

0.6 

1.5 

0.3 

0.3 

0.2 

7.5 

3/4 

1.25 

0.75 

2 

0.4 

0.4 

0.25 

10 

1 

1.5 

1.0 

2.5 

0.45 

0.45 

0.3 

12.5 

174 

2 

1.2 

3 

0.6 

0.6 

0.4 

18 

IVz 

2.5 

1.5 

3.5 

0.8 

0.8 

0.5 

23 

2 

3.5 

2 

5 

1 

1 

0.7 

28 

272 

4 

2.5 

6 

1.3 

1.3 

0.8 

33 

3 

5 

3 

7.5 

1.5 

1.5 

1 

40 

31/2 

6 

3.5 

9 

1.8 

1.8 

1.2 

50 

4 

7 

4 

10.5 

2 

2 

1.4 

63 

5 

9 

5 

13 

2.5 

2.5 

1.7 

70 

6 

10 

6 

15 

3 

3 

2 

84 

NOTE:  Allowances  are  for  streamlined  soldered  fittings  and  recessed  threaded  fittings.  For  threaded 
fittings,  double  the  allowances  shown  in  the  table. 
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780 

640 

750 

575 

465 

435 

380 

355 

340 

325 

315 

305 

305 

325 

330 

330 

855 

935 

735 

610 

705 

545 

440 

410 

355 

330 

320 

305 

300 

290 

290 

310 

315 

315 

830 

910 

720 

590 

685 

525 

430 

400 

335 

325 

315 

295 

290 

280 

280 

300 

305 

305 


srnal  working  pressures  for  copper  tube 

M and  DWV 


Rated  Internal  Working  Pressures,  psi 


Type  L 

Type  M 

DWV 

Drawn 

Annealed  | 

Drawn 

Annealed 

Drawn 

Annealed 

Drawn 

ice  Temperature  up  to  150F  (S  = 5,100  psi,  annealed;  9,000  psi,  drawn) 


1595 

810 

1350 

— 

— • 

— 

1745 

675 

1195 

475 

840 

— 

1375 

625 

1105 

430 

760 

— 

1135 

545 

965 

— 

— 

— 

1315 

495 

875 

350 

610 

— 

1010 

440 

770 

295 

515 

— 

820 

385 

680 

295 

515 

275 

765 

355 

630 

290 

510 

245 

665 

315 

555 

300 

450 

185 

520 

295 

520 

235 

410 

— ■ 

605 

275 

490 

220 

385 

135 

570 

270 

470 

215 

385 

— 

555 

255 

450 

215 

380 

130 

540 

235 

410 

205 

355 

130 

540 

215 

385 

190 

335 

130 

580 

240 

420 

200 

350 

125 

585 

240 

425 

205 

355 

— 

585 

225 

395 

205 

360 

— 

yice  Tempe 

rature  200  F (S 

= 4,800  psi,  a 

nnealed;  9,000 

Dsi  drawn) 

1595 

720 

1350 

— 

— 

— 

1745 

635 

1195 

450 

840 

— 

1375 

590 

1105 

410 

760 

— 

1135 

515 

965 

— 

— 

— 

1315 

470 

875 

325 

610 

— 

1010 

410 

770 

275 

515 

— 

820 

365 

680 

275 

515 

260 

765 

340 

630 

275 

510 

235 

665 

300 

555 

240 

450 

175 

520 

275 

520 

220 

410 

— 

605 

260 

490 

210 

385 

125 

570 

255 

470 

210 

385 



555 

240 

450 

205 

380 

120 

540 

220 

410 

190 

355 

120 

540 

210 

385 

180 

335 

120 

580 

225 

420 

190 

350 

120 

585 

225 

425 

190 

355 

— 

585 

210 

395 

190 

360 

— 

vice  Temperature  300F  (S 

= 4,700  psi,  annealed;  8,700  psi,  drawn) 

1540 

705 

1305 

— 

— 

— 

1690 

625 

1155 

435 

815 

— 

1330 

580 

1065 

395 

735 

— 

1095 

505 

930 

— 

— 



1275 

455 

845 

320 

590 

— 

980 

405 

745 

270 

500 

— 

795 

355 

660 

270 

500 

260 

740 

330 

610 

270 

490 

225 

645 

290 

540 

235 

435 

170 

600 

275 

500 

215 

400 

— 

585 

255 

470 

200 

375 

125 

550 

245 

455 

200 

370 

— 

535 

235 

435 

195 

370 

120 

520 

215 

395 

190 

345 

120 

525 

200 

370 

175 

325 

120 

560 

220 

405 

185 

340 

115 

565 

220 

410 

190 

345 

— 

565 

205 

385 

190 

345 

— 

14 
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table  9 (cont’d) 


Size,  inches 

Rated  Internal  Working  Pressures,  psi 

Type  K 

■ 

. Type  L 

Type  M 

DWV 

Annealed 

Drawn 

Annealed 

Drawn 

Annealed 

Drawn  ' 

Annealed 

Drawn 

Service  Temperature  400F  (S  = 

= 3,000  psi,  annealed;  8,200  psi,  drawn) 

1/4 

530 

1440 

450 

1475 

— 

— 

— 

— 

% 

580 

1590 

395 

1295 

280 

770 

— 

— 

V2 

455 

1245 

365 

1195 

250 

690 

— 

— 

% 

380 

1035 

325 

1065 

— 

— 

— 

— 

3/4 

440 

1195 

290 

785 

205 

560 

— 

— 

1 

335 

920 

260 

705 

175 

475 

— 

— 

11/4 

275 

755 

230 

625 

175 

475 

160 

445 

IV2 

260 

705 

210 

575 

170 

460 

145 

395 

2 

220 

605 

185 

510 

150 

410 

110 

295 

21/2 

205 

560 

175 

475 

140 

375 

— 

— 

3 

205 

560 

160 

445 

130 

425 

80 

215 

31/2 

190 

525 

155 

425 

125 

345 

— 

— 

4 

185 

510 

150 

410 

125 

345 

80 

215 

5 

180 

490 

140 

375 

120 

330 

80 

215 

6 

180 

490 

125 

345 

115 

310 

70 

195 

8 

190 

525 

140 

375 

120 

330 

70 

195 

10 

190 

525 

145 

475 

120 

330 

— 

— 

12 

200 

540 

130 

425 

120 

330 

— 

■ ” 

in  the  line.  Table  8 shows  these  al- 
lowances for  various  sizes  and  types 
of  valves  and  fittings. 

In  using  the  flow  chart  (Figure  2) 
the  designer  should  aim  for  maxi- 
mum flow  velocities  in  the  range  of 
5-8  feet  per  second  to  minimize 
noise  and  erosion  problems.  For  the 
smallest  tube  sizes,  the  designer  is 
wise  to  work  at  the  bottom  of  this 
range,  as  a maximum,  to  guard 
against  local  high  velocities  building 
up  due  to  faulty  workmanship  (e.g. 
burrs  at  tube  ends  which  are  not 
properly  reamed)  or  unusually  nu- 
merous changes  in  flow  direction. 
Locally  aggressive  water  conditions 
can  combine  with  these  two  consid- 
erations to  cause  erosion  problems 
if  velocities  are  too  high. 

The  flow  chart  applies  only  to  cop- 
per tube,  and  should  not  be  used  for 
other  plumbing  materials.  Other  ma- 
terials require  additional  allowances 
for  corrosion  and  caking  which  are 
not  necessary  for  copper.  This  is  be- 
cause copper  maintains  its  smooth 
bore  throughout  its  service  life. 

Pressure  ratings  and 
burst  strength 

As  for  all  materials,  the  allowable  in- 
ternal pressure  for  any  copper  tube 
in  service  is  based  on  the  formula 


used  in  the  Standard  Code  for  Pres- 
sure Piping  (ANSI*  B31): 

_ 2S(t,„  - C) 

D - 0.8(t„  - C) 

where  P = allowable  pressure 
S = allowable  stress 
t,n  = wall  thickness 
D = diameter 
C = a constant 

For  copper  tube,  because  of  cop- 
per’s superior  corrosion  resistance, 
the  B31  code  permits  the  factor  C to 
be  zero.  Thus  the  formula  becomes: 

_2Sk_ 

^ D - 0.8t,, 

The  value  of  S in  the  formula  is  an 
allowable  design  strength  for  contin- 
uous long-term  service  of  the  tube 
material.  It  is  only  a small  fraction  of 
copper’s  ultimate  tensile  strength  or 
of  the  burst  strength  of  copper  tube 
and  has  been  confirmed  to  be  safe  by 
years  of  service  experience.  The  al- 
lowable stress  value  depends  on  the 
service  temperature  and  on  the  tem- 
per of  the  tube,  drawn  or  annealed. 

In  Table  9 the  rated  working  pres- 
sures are  shown  for  both  annealed 
and  drawn  Types  K,  L,  M,  and  DWV 
copper  tube  for  service  temperatures 
to  400°F.  The  ratings  for  drawn 


(hard)  tube  can  be  used  only  for 
systems  using  properly  designed 
mechanical  joints  of  the  compres- 
sion or  flared  type.  Fittings  manufac- 
turers can  provide  information  about 
the  strength  of  their  various  types 
and  sizes  of  fittings.  When  welding, 
brazing  or  soldering  is  used  to  join 
tubes,  the  annealed  ratings  are  used, 
since  the  heating  involved  in  these 
joining  processes  might  anneal 
(soften)  the  hard  tube.  This  is  the 
reason  that  annealed  ratings  are 
shown  in  Table  9 for  DWV  tube,  al- 
though it  is  not  furnished  in  the  an- 
nealed temper.  Table  10  lists  allow- 
able internal  working  pressures  for 
ACR  tube. 

In  designing  a system,  joint  rat- 
ings must  also  be  considered, as  the 
lower  of  the  two  ratings  (tube  or  joint) 
will  govern  the  installation.  Most 
tubing  systems  are  joined  by  solder- 
ing or  brazing.  Rated  internal  work- 
ing pressures  for  such  joints  are 
shown  in  Table  11 . These  ratings  are 
for  Types  K,  L,  and  M tube  with 
standard  soldered  pressure  fittings. 
In  soldered  tubing  systems,  the  rated 
strength  of  the  joint  often  governs 
design.  For  brazed  tubing  the  ratings 
for  soft  tube  in  Table  9 govern  up  to 
200°F.  Annealed  ratings  must  be 

•American  National  Standards  Institute, 

1430  Broadway,  New  York,  N.Y.  10018 
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table  10  Rated  internal  working  pressures  (psi)  for  copper  tube  Type  acr 


Rated  Internal  Working  Pressure,  psi 


Size  and 

Wall  Thickness, 

100F 

200F 

300  F 

400 F 

inches 

Annealed 
or  Drawn 

Annealed 

Drawn 

Annealed 

Drawn 

Annealed 

Drawn 

Ve  (.030) 

3130 

— 

3090 

— 

2620 

— 

1310 

% (.030) 

1990 

— 

1950 

— 

1650 

— 

820 

Va  (.030) 

1450 

— 

1420 

— 

1200 

— 

600 

^6  (.032) 

1230 

— 

1200 

— 

1020 

— 

510 

% (.030) 

900 

1350 

880 

1300 

740 

1180 

370 

3/8  (.032) 

1010 

— 

990 

— 

840 

— 

420 

V2  (.032) 

740 

— 

730 

— 

610 

— 

300 

V2  (.035) 

800 

1200 

780 

1150 

660 

1060 

330 

% (.035) 

640 

— 

630 

— 

530 

— 

260 

% (.040) 

740 

1110 

720 

1060 

610 

980 

300 

3/4  (.042) 

650 

980 

630 

930 

530 

850 

260 

% (.045) 

590 

890 

570 

840 

480 

770 

240 

IVa  (.050) 

510 

770 

490 

720 

420 

670 

210 

13/8  (.055) 

460 

690 

440 

650 

370 

590 

180 

1%  (.060) 

430 

650 

410 

600 

350 

560 

170 

21/8  (.070) 

370 

560 

360 

530 

300 

480 

150 

25/8  (.080) 

350 

530 

340 

500 

280 

450 

140 

31/8  (.090) 

330 

500 

320 

470 

270 

430 

130 

35/8  (.100) 

320 

480 

300 

440 

260 

420 

130 

41/8  (.110) 

300 

450 

290 

430 

240 

380 

120 

NOTE:  Based  on  S values  as  follows:  100F— 6,000  psi,  annealed;  9,000  psi,  drawn;  200F— 5,900  psi;  annealed,  8,700  psi  drawn;  300F— 5,000  psi,  annealed,  8,000 
psi,  drawn;  400F— 2,500  psi,  annealed  or  drawn,  according  to  American  National  Standard  Code  for  Pressure  Piping,  Refrigeration  Piping,  ANSI  B31.5. 


table  11  Rated  internal  working  pressures  (psi)  for  copper  tube  joints 

Alloy  Used  for 
Joints 

Service 

Temperature, 

“F 

Environment 

Water  and  Non-Corrosive  Liquids  and  Gases 

Saturated  / 
Steam 

Tube  Size,  Types  K,  L and  M (in  inches) 

1/4  to  1 

Incl. 

1 1/4  to  2 

Incl. 

21/2  to  4 

Incl. 

5 to  8 

Incl. 

10  to  12  ■ 

Incl. 

All  A/-. 

100 

200 

175 

150 

130 

100 

50-50 

150 

150 

125 

100 

90 

70 

Tin-Lead 

200 

100 

90 

75 

70 

50 

Solder""* 

250 

85 

75 

50 

45 

40 

15 

100 

500 

400 

300 

270 

150 

95—5 

150 

400 

350 

275 

250 

150 

Tin-Antimony 

200 

300 

250 

200 

180 

140 

- - 

Solder^®^ 

250 

200 

175 

150 

135 

110 

15 

Brazing  Alloys 

100-150-200 

(b) 

(b) 

(b) 

(b) 

(b) 

- ■ - 

(Melting  at  or 

250 

300 

210 

170 

150 

150 

— 

above  1000  F) 

350 

270 

190 

150 

150 

150 

120 

NOTE:  Ratings  up  to  8 inches  are  those  given  in  ANSI  Standard  B16.22  "Wrought  Copper  and  Bronze  Solder-Joint  Pressure  Fittings"  and  ANSI  B16.18  "Cast 
Bronze  Solder-Joint  Pressure  Fittings." 

(a)  Solder  alloys  are  covered  by  ASTM  Standard  Specification  B32, 

(b)  Rated  internal  pressure  is  that  of  tube  being  Joined;  see  Tables  9 and  10. 
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table  12  Rated  pressures  vs.  burst  pressures 
Type  M tube  at  room  temperature 


Rated  Pressure,  psi 

Measured 

Burst 

Pressure*, 

psi 

Tube  Size, 
inches 

Tube 

Temper 

Annealed 

Tube 

Drawn 

Tube 

50-50 

Soider 

Vz 

Drawn 

430 

760 

200 

5900 

3/4 

Drawn 

350 

610 

200 

4750 

1 

Drawn 

295 

515 

200 

4150 

'Tube  had  soldered  end  closures. 


used  in  brazed  systems  for  hard 
temper  tube,  since  brazing  softens 
(anneals)  the  tube  near  the  joints. 
Above  200  F,  the  joint  ratings  shown 
in  Table  11  should  govern  the  design 
of  brazed  systems. 

The  pressures  at  which  copper 
tube  will  actually  burst  are  many 
times  the  rated  working  pressures. 
For  example,  in  Table  12  the  rated 
working  pressures  are  compared 
with  actual  burst  pressures  meas- 
ured in  tests  on  three  sizes  of  Type 
M drawn  tube.  The  very  conservative 
working  pressure  ratings  give  added 
assurance  that  pressurized  systems 
will  operate  successfully  for  long 
periods  of  time.  The  much  higher 
burst  pressures  measured  in  tests 
indicate  that  tubes  are  well  able  to 
support  pressure  surges  and  other 
unpredictable  loads  that  may  occur 
during  the  long  service  life  of  the 
system. 

Similar  conservative  principles 
were  applied  in  arriving  at  the  work- 
ing pressures  for  brazed  and  sol- 
dered joints.  The  allowable  stresses 
for  the  soldered  joints  assure  joint 
integrity  under  full  rated  load  for  ex- 
tended periods  of  time.  Short-time 
strength  and  burst  pressures  for  sol- 
dered joints  are  many  times  higher. 
In  addition,  safety  factors  were  in- 
corporated in  calculating  the  joint 
strengths. 

Drainage  plumbing  systems 

The  design  and  installation  of  drain- 
age systems  range  from  simple  to 
complex,  depending  on  the  type  of 
building,  the  local  code,  and  the  oc- 
cupancy requirements.  The  local 
plumbing  code  will  include  require- 
ments for  acceptable  materials,  in- 
stallation and  inspection,  and  these 
must  be  followed  as  the  first  require- 
ment of  an  acceptable  job. 

There  are  usually  differences — 
sometimes  minor,  sometimes  quite 
important — among  plumbing  codes. 
Among  the  features  which  differ  from 
code  to  code  may  be  minimum  tube 


sizes,  permissible  connected  fixture 
loads,  fittings  and  connections, 
methods  of  venting,  supports  and 
testing.  Few  codes  are  completely 
specific  as  to  installation  details  and 
leave  the  responsibility  of  proper 
and  suitable  installation  to  the  de- 
signer and  the  contractor. 

In  large  and  multi-story  buildings, 
the  design  will  generally  require 
the  services  of  a mechanical  engi- 
neer and  plumbing  designer.  The 
plumbing  designer  has  the  responsi- 
bility for  coordinating  the  drainage 
system  design  within  the  overall 
building  construction  requirements. 
A good  drainage  design  must  take 
into  account  the  problems  of  instal- 
lation space,  building  movement, 
support,  expansion  and  contraction, 
pipe  sleeves,  offsets,  and  provisions 
for  necessary  maintenance. 

In  residential  buildings  and  small 
one  and  two-story  commercial  build- 
ings, the  drainage  piping  is  usually 
simple  in  design  and  straightforward 
in  installation.  Type  DWV  copper 
tube,  installed  with  good  workman- 
ship by  an  experienced  plumber,  will 
provide  long  years  of  trouble-free 
service. 

Because  DWV  tube  is  furnished 
in  20-foot  lengths  (which  one  man 
can  easily  handle)  few  joints  are  nec- 
essary in  drainage  stacks,  branches 
and  vents.  This  simplifies  assembly 
and  cuts  installation  costs.  In  an 
average  residence  the  entire  stack 
from  the  basement  building  drain 
through  the  roof  — often  including 
the  water  closet  runouts  — can  be 
cut  from  a single  20-foot  length  of 
DWV.  Scrap  is  practically  eliminated. 

The  smaller  diameter  of  DWV  tube 
and  fittings  makes  it  possible  to  in- 
stall copper  drainage  systems  where 
competitive  piping  materials  would 
be  impossible,  difficult,  or  more 
costly  to  install.  For  example,  athree- 
inch  copper  stack  is  only  Sys-inch 
outside  diameter  at  the  fitting  and 
can  be  easily  installed  in  a “2-by- 
4-inch”  stud  partition. 


Prefabrication — Considerable  sav- 
ings can  be  effected  by  prefabricat- 
ing copper  DWV  subassemblies.  Pre- 
fabrication permits  work  even  when 
adverse  weather  prohibits  activity  on 
the  job  site.  Simple,  inexpensive  jigs 
can  be  made  to  position  the  tube  and 
fittings  during  assembly  and  help 
eliminate  costly  dimensional  errors. 
Freedom  of  movement  at  the  bench 
permits  joints  to  be  made  more  read- 
ily than  at  the  point  of  installation, 
where  working  space  may  be  limited. 

Soldered  joints  are  strong  and 
rigid.  Subassemblies  can  be  handled 
without  fear  of  damage.  The  light- 
weight features  of  copper  DWV  tube 
and  fittings  make  it  possible  to  han- 
dle fairly  large  assemblies  without 
strain.  Other  dependable  drainage 
plumbing  materials  weigh  3 to  4 
times  as  much,  as  seen  in  this  com- 
parison of  20-foot  lengths: 


Size 

Weight,  pounds 

Copper 

DWV 

Service 
Weight 
Cast  Iron 

Steel 

Pipe 

11/4 

15 

■ 

45 

IV2 

16 

— 

54 

2 

21 

80 

73 

3 

34 

120 

151 

4 

58 

160 

216 

Subassemblies  require  a minimum  of 
support  when  connected  to  previ- 
ously installed  sections  of  the  drain- 
age systems. 

Copper  DWV  has  been  used  suc- 
cessfully for  years  in  all  parts  of 
drainage  plumbing  systems  for  high- 
rise  buildings  — the  soil  stacks,  the 
vent  stacks  and  in  the  soil,  waste  and 
vent  branches.  Copper  tube’s  light 
weight  and  the  ease  with  which  it 
can  be  prefabricated  have  been  es- 
pecially important  in  high-rise  drain- 
age systems. 

Expansion  of  DWV  Systems — In  high- 
rise  buildings,  expansion  and  contrac- 
tion of  the  stack  should  be  considered 
in  the  design.  Possible  movement  of  a 
copper  tube  stack  as  the  temperature 
of  the  stack  changes  is  approximately 
0.001  inch  per  degree  F per  floor.  (See 
Fig.  6,  page  22.)  This  is  slightly  more 
than  for  iron  and  steel  pipe  and  con- 
siderably less  than  for  plastic. 

Since  length,  temperaturechanges 
and  piping  design  itself  are  all  in- 
volved in  expansion,  the  designer 
must  determine  the  best  way  to  take 
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figure  3 Technique  for  anchoring  a copper  DWV 
stack  to  concrete  floors 


DWV  tube  joints 

Maximum  Service 
Temperature,  F 

Tube  Size,  inches  : 

1 

Pressure  Rating, 
psi 

Joints  Made  with  50-50  Tin-Lead  Solder*"’ 

100 

1 1/4  to  2 

95 

3 to  4 

80 

5 to  8 

70 

150 

1 1/4  to  2 

70 

1 1/4  to  2 

55 

5 to  8 

45 

200 

1 1/4  to  2 

50 

3 to  4 

40 

5 to  8 

35 

Joints 

Made  with  95-5  Tin-Antimony  Sc 

Ider*"’ 

100 

1 1/4  to  2 

220 

3 to  4 

165 

5 to  8 

120 

150 

1 1/4  to  2 

195 

3 to  4 

150 

5 to  8 

100 

200 

1 1/4  to  2 

140 

3 to  4 

110 

5 to  8 

80 

(a)  Solder  alloys  are  covered  by  ASTM  B32.  Pressure  ratings  are  calculated  using  the  same  factors  of 
safety  employed  for  pressure  fittings  (Table  11)  and  the  strengths  of  solders  as  reported  in  National 
Bureau  of  Standards  Report  BMS  58  “Strength  of  Soft-Soldered  Joints  in  Copper  Tubing.” 


care  of  expansion  in  any  particular 
installation.  One  simple  procedure 
for  controlling  thermal  movement  is 
to  anchor  the  stack.  Anchoring  at 
every  eighth  floor  will  take  care  of 
an  anticipated  maximum  tempera- 
ture rise  of  50F;  anchoring  every 
four  floors  will  take  care  of  a 100F 
maximum  temperature  rise.  Perhaps 
the  simplest  effective  anchor,  when 
the  stack  passes  through  concrete 
floors,  is  to  use  pipe  clamps  and 
soldered  fittings  as  shown  in  Figure 
3.  The  pipe  clamps  can  be  placed 
above  and  below  the  floor,  backed 
up  by  sliding  the  fittings  tight  against 
the  clamps  and  soldering  them  in 
place.  At  all  floors  between  anchors, 
sleeves  in  the  concrete  floors  should 
be  used  to  prevent  lateral  movement  of 
the  tube. 

Allowance  for  Hydrostatic  Testing 
DWV  Systems  — While  a copper 
drainage  system  is  not  ordinarily  op- 
erated under  pressure  conditions,  it 
must  withstand  considerable  pres- 
sure when  the  system  is  subjected 
to  a hydrostatic  test.  The  allowable 
pressures  for  copper  DWV  tube  with 
soldered  joints  and  standard  DWV 
fittings  are  given  in  Table  13. 

To  determine  the  vertical  height 
that  can  be  statically  pressure  tested 
(with  water)  in  one  segment,  take  the 
applicable  figure  from  Table  13  and 
multiply  by  2.3.  For  example,  if  50-50 
solder  is  used  and  the  largest  tube 
size  is  4-inch,  multiply  80  (from 
Table  13)  by  2.3;  the  result  is  184. 
Thus  a 184-foot  vertical  segment  of 
stack  could  be  tested  at  once.  If  95-5 
tin-antimony  solder  is  the  joining 
material,  or  if  the  joints  are  brazed, 
the  corresponding  rating  for  4-inch 
tube  from  the  table,  165,  is  multiplied 
by  2.3,  equalling  380.  Thus,  theoreti- 
cally, 380  feet  (38  ten-foot  stories) 
could  be  tested  at  once.  The  actual 
number  tested  is  usually  much  less, 
and  depends  on  practical  considera- 
tions on  the  job. 


The  Single-Stack 
Sovent™  System 

The  copper  Sovent  single-stack 
plumbing  system,  introduced  in  the 
United  States  in  1968,  is  widely  rec- 
ognized as  the  most  progressive 
innovation  in  plumbing  in  several 
decades.  Copper  Sovent  is  an  engi- 
neered drainage  system  developed 

™ O.H.C.  Messner 
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to  improve  and  simplify  soil,  waste 
and  vent  plumbing  in  multi-story 
buildings. 

Since  its  introduction,  hundreds 
of  Sovent  systems  have  been  de- 
signed for  high-rise  buildings  in  the 
U.S.A.  Major  U.S.  installations  in- 
clude retirement  and  military  hous- 
ing, luxury  apartments,  urban  devel- 
opment high-rise  complexes,  motels, 
hotels,  nursing  homes  and  office 
buildings.  Operating  experience  with 
these  buildings  shows  that  Sovent 
does  have  a number  of  advantages 
over  conventional  drainage  systems. 
These  include  simplified  piping,  flex- 
ibility of  fixture  layouts,  reduced 
structural  loads,  increased  rental 
area,  and  overall  savings  in  installed 
cost. 

Sovent  makes  separate  vent 
stacks  and  individual  fixture  vent 
piping  obsolete,  as  shown  in  Figure 
4,  markedly  simplifying  piping  ar- 
rangements. Structural  impairment 
of  wall  and  floor  systems  is  mini- 
mized. There  is  no  need  to  cut  or 
drill  framing  members  in  order  to 
accommodate  vent  lines.  With  fewer 
stacks,  the  number  of  floor  sleeves 
and  the  size  of  chases  is  reduced. 
More  flexible  use  of  wall  space  and 
between-floor  space  accrues.  In  ad- 
dition, simplified  layouts  facilitate 
the  placement  of  utilities  and  duct 
work.  For  the  first  time,  the  drainage 
system  can  be  tailored  to  the  build- 
ing without  compromise  and  archi- 
tects benefit  from  this  new  design 
freedom. 

Sovent  eliminates  almost  half  of 
the  material  required  for  comparable 
two  pipe  systems.  This,  coupled  with 
the  use  of  copper  tube  throughout, 
simplifies  hanger  and  support  re- 
quirements. Dead  loads  imposed  by 
the  drainage  system  on  the  build- 
ing’s structural  framing  are  signifi- 
cantly reduced. 

The  copper  Sovent  system  has 
four  parts:  a copper  DWV  stack, 
a Sovent  aerator  fitting  at  each 
floor  level,  copper  DWV  horizontal 
branches,  and  a Sovent  deaerator 
fitting  at  the  base  of  the  stack  as 
shown  in  Figure  5. 

The  aerator  does  three  things:  (1) 
it  limits  the  velocity  of  both  liquid 
and  air  in  the  stack,  (2)  it  prevents 
the  cross  section  of  the  stack  from 
filling  with  a plug  of  water  and  (3)  it 
efficiently  mixes  the  waste  flowing 
in  the  branches  with  the  air  in  the 
stack.  The  deaerator  fitting  sepa- 
rates the  air  flow  in  the  stack  from 
the  liquid,  ensuring  smooth  entry 


figure  4 Comparison  of  the  traditional  two-pipe 

drainage  system  with  the  Single-Stack  all- 
copper Sovent  system 
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into  the  building  drain  and  relieving 
the  positive  pressure  at  the  bottom 
of  the  stack. The  result,  a single  stack 
that  is  self-venting,  with  balanced 
positive  and  negative  pressures  at  or 
near  the  zero  line  throughout  the 
system.  SOil  stack  and  VENT  are 
combined  into  a single  SOVENT 
stack. 

Each  individual  Sovent  system 
must  be  designed  to  meet  the  condi- 
tions under  which  it  will  operate,  and 
engineering  judgment  is  required  in 
applying  the  simple  basic  design 
concepts  as  enumerated  in  the  Cop- 
per Development  Association*  pub- 
lication, “Copper  Sovent  Single- 


Stack  Plumbing  System  Design 
Handbook,”  a companion  publica- 
tion to  this  Copper  Tube  Handbook. 

Copper  tube  for  heating 

Copper  tube  is  popular  for  heating 
systems  in  both  new  and  remodeled 
buildings.  Contractors  have  learned 
through  experience  that  copper  tube 
is,  all  factors  considered,  still  supe- 
rior to  any  substitute  material.  The 
advantages  of  light  weight,  choice 
of  tempers,  long-term  reliability,  and 
ease  of  joining,  bending  and  han- 
dling, are  of  major  importance.  For 
example,  where  rigidity  and  appear- 


ance are  factors,  drawn  tube  is  rec- 
ommended. Annealed  tube  is  par- 
ticularly suitable  for  panel  heating, 
snow  melting,  and  short  runs  to  radi- 
ators, convectors,  and  the  like.  With 
either  annealed  or  bending-temper 
tube  fittings  are  reduced  to  a mini- 
mum, to  give  substantial  savings  in 
installation  labor  and  material. 

Forced  circulation  hot  water  heat- 
ing systems  provide  uniform  heating 
and  quick  response  to  changes  in 
heating  load,  require  little  mainte- 
nance, and  can  be  easily  zoned  to 
provide  different  temperature  levels 

‘Copper  Development  Association  Inc. 

405  Lexington  Avenue,  New  York,  N.Y.  10017 


figure  5 Copper  Sovent  drainage  stack  design  features 


Building  drain 

(sized  and  sloped  to  meet 
system  requirements) 
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throughout  the  building.  These  sys- 
tems use  the  smallest  and  most  eco- 
nomical tube  sizes  with  soidered 
joints  and  require  little  space  for  the 
installation.  Also,  in  combination 
with  the  heating  system  and  where 
permitted  by  code,  domestic  hot 
water  can  be  heated  directly — elimi- 
nating the  need  for  a separate  water 
heater. 

Design  and  installation  data  for 
heating  systems  are  given  in  the 
Heating  and  Air  Conditioning  Guide, 
published  by  the  American  Society 
for  Heating,  Refrigeration  and  Air 
Conditioning  Engineers,*  as  well  as 
in  literature  published  by  manufac- 
turers of  boilers  and  heating  special- 
ties, and  those  publications  should 
be  consulted  for  detailed  design. 

Steam-Heating  Return  Lines  — For 
steam-heating  systems,  especially 
return  lines,  the  outstanding  corro- 
sion resistance  and  non-rusting 
characteristics  of  copper  tube  as- 
sure trouble-free  service  and  main- 
tenance of  traps,  valves,  and  other 
devices.  On  condensate  and  hot 
water  return  lines,  it  is  recommended 
that  the  last  two  feet  before  the  heat- 
ing medium  should  be  double  the 
size  of  the  rest  of  the  line.  For  exam- 
ple, if  the  return  line  is  1-inch  tube, 
enlarge  it  to  2-inch. 

Radiant  Panel  Heating  — A modern 
application  of  an  ancient  principle, 
radiant  panel  heating,  can  be  used 
successfully  in  nearly  all  types  of 
structures.  In  panel  systems,  low- 
temperature  hot  water,  circulating 
through  coils  of  copper  tube  em- 
bedded in  a concrete  floor  or  plaster 
ceiling,  warms  the  surfaces  and  the 
air.  Panel  systems  offer  uniform 
heating  and  comfort,  an  invisible 
heat  source,  complete  use  of  the 
floor  area,  cleanliness  and  the  elimi- 
nation of  dust-carrying  drafts. 

Copper  tube  is  the  ideal  piping 
materiai  for  floor  and  ceiling  panels 
because  of  its  lightweight,  long 
lengths,  corrosion  resistance,  and 
ease  of  bending,  joining,  and  han- 
dling. Soft  temper  tube  in  coils  is 
commonly  used  for  sinuous  heating 
layouts  since  it  is  easily  bent  and 
joints  are  reduced  to  a minimum. 
Hard  temper  tube  is  used  for  mains, 
risers,  heaters,  and  grid-type  heating 
coils. 

Location  of  the  heating  panel  is 
relatively  unimportant  for  the  com- 
fort of  room  occupants,  but  it  does 

•American  Society  for  Heating,  Refrig,  and  Air 
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depend  on  the  architectural  and 
thermal  characteristics  of  the  room. 
Floor  installations  have  the  advan- 
tage of  low  initial  cost  and  are 
particularly  suitable  for  garages, 
schools  and  churches.  They  are  gen- 
erally designed  to  operate  at  a maxi- 
mum surface  temperature  of  85F. 
Above  this  temperature,  occupants 
become  uncomfortable.  Ceiling  pan- 
els, more  frequently  used  in  resi- 
dences, can  be  operated  at  higher 
surface  temperatures  and  heat  out- 
puts than  floor  panels  They  respond 
quickly  to  changes  in  heating  load, 
have  low  thermal  storage,  and  re- 
quire only  a simple  control  system. 

The  tube  sizes  of  heating  coils 
chiefly  affect  the  hydraulics  of  the 
heating  system  (see  section  on  Pres- 
sure Systems,  page  9)  and  are  rela- 
tively unimportant  from  the  stand- 
point of  heat  output  of  the  panel.  For 
sinuous  floor  coils  %-inch,  y2-inch, 
and  3/4-inch,  soft  temper  tube  is  gen- 
erally used  with  a 9-inch  or  12-inch 
center-to-center  spacing.  For  ceiling 
panel  installations  the  sinuous  coils 
are  formed  of  3/8-inch  soft  temper 
tube  with  a tube  spacing  of  4 inches 
or  6 inches.  Soldered  joints  are 
commonly  used. 

Oxygen  Systems 

Safety  codes  for  oxygen  lines  and 
other  medical  gases  require  the  use 
of  Type  L copper  tube.  Special 
cleanliness  requirements  are  called 
for  because  oxygen  under  pressure 
may  cause  the  spontaneous  com- 
bustion of  some  organic  oils.  Copper 
tube  for  oxygen  lines  is  furnished  by 
the  manufacturers  suitably  cleaned 
and  capped  or  plugged.  Care  must 
be  taken  to  prevent  contamination 
of  the  system  when  the  caps  or  plugs 
are  removed  and  the  tube  is  in- 
stalled. The  installer  must  satisfy 
himself  and  the  inspection  depart- 
ment that  the  cleanliness  require- 
ments of  the  code  have  been  met. 
The  following  recommendations  of 
NFPA  publication  No.  56F,  Nonflam- 
mable Medical  Gas  Systems  will  be 
helpful; 

CHAPTER  5.  INSTALLATION  AND  TESTING 
OF  PIPING  SYSTEMS 

51.  General 

511.  Before  erection,  all  piping,  valves  and 
fittings  — except  those  supplied  especially 
prepared  for  oxygen  service  by  the  manufac- 
turer and  received  sealed  on  the  job — shall 
be  thoroughly  cleaned  of  oil,  grease  and 
other  readily  oxidizable  materials  by  wash- 
ing In  a hot  solution  of  sodium  carbonate  or 
trisodium  phosphate  (proportion  of  one 
pound  to  three  gallons  of  water).  THE  USE 


OF  ORGANIC  SOLVENTS;  FOR  EXAMPLE, 
CARBON  TETRACHLORIDE,  IS  PROHIB- 
ITED. Scrubbing  shall  be  employed  where 
necessary  to  insure  complete  cleaning.  After 
washing,  the  material  shall  be  rinsed  thor- 
oughly in  clean,  hot  water.  After  cleaning, 
particular  care  shall  be  exercised  in  the  stor- 
age and  handling  of  all  pipe  and  fittings. 
Pipe  and  fittings  shall  be  temporarily  capped 
or  plugged  to  prevent  recontamlnatlon  be- 
fore final  assembly.  Tools  used  in  cutting  or 
reaming  shall  be  kept  free  from  oil  or  grease. 
Where  such  contamination  has  occurred,  the 
items  affected  shall  be  rewashed  and  rinsed. 

512.  All  joints  in  the  piping,  except  those 
permitted  to  be  approved  brass  flared-type 
gas  tubing  fittings  and  those  at  valves  or  at 
equipment  requiring  screw  connections,  shall 
be  made  with  silver  brazing  alloy  or  similar 
high  melting  point  (at  least  1000F)  brazing 
metal.  Particular  care  shall  be  exercised  in 
applying  the  flux  to  avoid  leaving  any  excess 
inside  the  completed  joints.  The  outside  of 
the  tube  and  fittings  shall  be  cleaned  by 
washing  with  hot  water  after  assembly. 

513.  Screw  joints  used  in  shutoff  valves,  in- 
cluding station  outlet  valves,  shall  be  in- 
stalled by  tinning  the  male  thread  with  soft 
solder.  Litharge  and  glycerin  or  an  approved 
oxygen  luting  or  sealing  compound  are 
acceptable. 

514.  After  installation  of  the  piping,  but  be- 
fore installation  of  the  outlet  valves,  the  line 
should  be  blown  clear  by  means  of  oil  free 
dry  air  or  nitrogen. 

Snow-melting  systems 

Snow-melting  coils,  installed  in 
walks,  driveways,  loading  platforms, 
and  other  paved  areas,  are  an  effi- 
cient, economical  means  of  snow, 
sleet,  and  ice  removal.  To  warm  the 
surface,  a 50-50  solution  of  water 
and  antifreeze  (ethylene  glycol  type) 
is  circulated  through  copper  tube 
embedded  in  the  concrete  or  black- 
top. Considerable  savings  can  be  ef- 
fected on  industrial  plant  installa- 
tions where  waste  heat  sources  can 
be  utilized. 

In  general,  the  installation  of  snow 
melting  coils  is  similar  to  that  of 
floor  panel  heating  coils.  Selection 
of  a sinuous  or  a grid  pattern  for 
a snow  melting  system  depends 
largely  on  the  shape,  size,  and  in- 
stallation conditions.  Grids  are  good 
for  square  and  rectangular  areas; 
sinuous  coils  are  usually  preferred 
for  irregular  areas.  The  lower  pres- 
sure loss  with  grid  coils  permits  the 
use  of  smaller  diameter  tubes  pro- 
viding savings  in  material  costs. 
Maximum  economy  is  often  realized 
with  a combination  of  sinuous  and 
grid-type  coils. 

Soft  temper  copper  tube  is  suit- 
able for  both  sinuous  and  grid-type 
coils;  hard  temper  is  best  for  larger 
grid  coils  and  for  mains.  Soft  coils 
facilitate  the  installation  of  sinuous 
coils  because  of  the  long  lengths 
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and  the  ease  of  bending  which  re- 
duce joints  to  a minimum. 

For  copper  tube  spaced  on  12- 
inch  centers  in  concrete  (or  on  9- 
inch  centers  in  blacktop)  140  feet  of 
y2-inch  tube  or  280  feet  of  %-inch 
tube  will  give  a heating  effect  for 
snow  melting  of  100  BTU  per  hr  per 
sq  ft.  For  a heat  input  of  200  BTU 
per  hr  per  sq  ft  of  snow  area,  the 
maximum  length  for  y2-inch  tube  is 
60  feet,  and  for  %-inch  tube  150  feet. 
Solution  temperature  entering  the 
coils  should  be  120  to  130F. 

Tube  in  concrete  shouid  be  lo- 
cated about  iy4  to  1 y2  inches  below 
the  surface.  The  concrete  should  be 
reinforced  with  wire  mesh.  In  black- 
top, 1 y2  inches  minimum  of  com- 
pacted thickness  of  blacktop  should 
cover  the  tube.  The  tube  should  be 
laid,  with  care,  on  compacted  gravel, 
crushed  stone  or  a concrete  base. 

The  same  types  of  heaters  and 
circulating  pumps  available  for  radi- 
ant heating  installations  are  suitable 
for  snow-melting  panels.  The  panels 
also  may  be  hooked  up  to  building 
comfort  heating  systems,  if  the  sys- 
tem has  sufficient  capacity  for  the 
additional  load  and  satisfactory  pre- 
cautions against  freezing  can  be 
made. 

Irrigation  and 
Sprinkling  systems 

Irrigation  systems  are  necessities  in 
arid  agricultural  areas  and  sprinkling 
systems  for  maintaining  landscaped 
areas  are  being  used  increasingly. 
Regardless  of  the  type  or  size  of  the 
system,  thousands  of  successful  in- 
stallations testify  that  copper  tube  is 
the  ideal  material  for  the  lines. 

With  the  aid  of  pressure  loss  and 
velocity  relationships  shown  in  Fig- 
ure 2,  and  the  instructions  contained 
in  the  literature  of  pump  and  sprink- 
ler manufacturers,  plumbers  can  lay 
out  a copper  tube  watering  system 
to  service  lawns,  crops  or  golf 
courses. 

System  lines  should  be  laid  deep 
enough  to  avoid  mechanical  damage 
by  tools  and  they  should  be  pitched 
to  drain  freely.  Where  freezing  can 
be  expected,  the  system  should  be 
installed  below  the  frost  line. 

Expansion  and  contraction  should 
not  be  a problem  if  lines  are  not 
rigidly  anchored. 

Solar  Energy  Systems 

The  onset  of  the  energy  crises  in  the 
mid-seventies  provided  a new  eco- 
nomic impetus  and  an  irrevocable  na- 


tional commitment  to  the  use  of  solar 
energy  for  heating.  Solar  energy 
systems  to  heat  domestic  water  and 
for  space  heating  are  based  on  adding 
a collector  to  the  heating  system  to 
capture  energy  from  the  sunshine.  In 
general,  this  simply  involves  exten- 
ding the  heating/plumbing  system  to 
the  roof  of  the  house,  where  a flat-plate 
solar  collector  is  incorporated  into  it. 

CDA  publishes  a Design  Handbook 
for  solar  energy  systems  which  in- 
cludes an  easy-to-use  method  for  pro- 
perly sizing  a solar  heating  system  to 
achieve  the  desired  solar  contributions 
to  that  system.  For  a copy  of  the  hand- 
book, please  write:  Copper  Develop- 
ment Association  Inc.,  405  Lexington 
Avenue,  New  York,  NY  10174. 

Copper  is  the  logical  material  for 
solar  energy  systems  because: 

(1)  it  has  the  best  thermal  conduc- 
tivity of  all  engineering  metals, 

(2)  it  is  highly  resistant  to  both  at- 
mospheric and  aqueous  corrosion, 

(3)  it  is  easy  to  fabricate  and  to  ioin 
by  soldering  oi  brazing. 

(4)  it  has  been  used  both  for  plumb- 
ing and  for  roofs  since  metals  were 
first  employed  in  those  applications. 

Copper’s  thermal  advantages  mean 
thinner  copper  sheet  can  collect  the 
same  heat  as  much  thicker-gage  sheet 
of  aluminum  or  steel,  and  copper  col- 
lector tubes  can  be  more  widely 
spaced. 

Copper’s  resistance  to  atmospheric 
corrosion  is  well  demonstrated  by  ser- 
vice in  roofing  and  flashing.  Over 
decades  of  time  — even  centuries  — 


there  has  been  no  significant  wastage 
of  the  metal  by  corrosion,  in  the 
absence  of  local  corrodants. 

Copper  resists  hot  water  corrosion 
equally  well.  Properly  sized  to  keep 
flow  rates  below  about  5 ft  per  sec,  and 
properly  installed,  copper  hot  water 
systems  are,  for  all  practical  purposes, 
completely  resistant  to  corrosion. 

The  ease  with  which  copper  plumb- 
ing systems  are  joined  by  soldering 
needs  no  special  emphasis.  Sheet  cop- 
per fabrication  is  equally  recognized 
for  its  ease  and  simplicity. 

Over  sixty  manufacturers  now 
supply  such  panels  in  the  U.S.A.  (A  list 
describing  their  products  is  available 
from  CDA.) 

General  considerations 

It  is  not  possible  in  a hand_book  of 
this  type  to  cover  all  the  variables  a 
plumbing  system  designer  may  have 
to  consider.  However,  in  addition  to 
the  foregoing  discussion,  the  follow- 
ing information  may  also  prove  help- 
ful when  preparing  job  specifications. 

Expansion  Loops  — Copper  tube, 
like  all  piping  materials,  expands 
and  contracts  with  temperature 
changes.  Therefore,  in  a copper  tube 
system  subjected  to  excessive  tem- 
perature changes,  the  line  tends  to 
buckle  or  bend  when  it  expands  un- 
less compensation  is  built  into  the 
system.  Severe  stresses  on  the  joints 
may  also  occur.  Such  stresses, 
buckles,  or  bends  are  prevented  by 
the  use  of  expansion  joints  or  by  in- 


figure  6 Expansion  (per  100  feet)  vs.  temperature 
change  for  copper  tube 
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stalling  offsets,  “U”  bends,  coil 
loops,  or  similar  arrangements  in 
the  tube  assembly.  These  specially 
shaped  tube  segments  take  up  ex- 
pansion and  contraction  without  ex- 
cessive stress.  The  expansion  of  a 
length  of  copper  tube  may  be  calcu- 
lated from  the  formula: 

Temperature  Rise  (F)  x Length  (feet) 
X 12  (inches  perfect)  x Expansion 
Coefficient  (in.  per  in.  per  F)  = Ex- 
pansion (inches) 

Calculations  for  expansion  and 
contraction  should  be  based  on  the 
average  coefficient  of  expansion  of 
copper  which  is  0.0000094  per  de- 
gree F,  between  70F  and  212F.  For 
example,  the  expansion  of  each  100 
feet  of  length  of  any  size  tube  heated 
from  room  temperature  (70F)  to 
170F  (a  100F  rise)  is  1.128  inches. 

100“  X 100  ft  X 12  in. /ft 
X 0.0000094  in./in./F 
= 1.128  in. 


Figure  6 shows  the  change  in 
length,  per  100  feet  of  copper  tube, 
with  temperature.  The  expansion 
calculated  above  can  also  be  deter- 
mined by  entering  Figure  6 at  100F, 
moving  up  to  the  line,  and  reading 
across  to  1.128  inches. 

Table  14  gives  the  radius  neces- 
sary for  coiled  expansion  loops,  de- 
scribed in  Figure  7;  expansion  offset 
lengths  may  be  estimated  from 
Table  15.  (Both  on  p.  24). 

Alternatively,  the  necessary  length 
of  tube  in  an  expansion  loop  or  offset 
can  be  calculated  utilizing  the 
formula: 


L 


Jl_ 

12 


(d„e)!4 


Where  L = developed  length,  in  feet, 
in  the  expansion  loop  or 
offset  as  shown  in  Fig- 
ure 7. 

E = modulus  of  elasticity  of 
copper,  in  psi. 

p = design  allowable  fiber 
stress  of  material  in  flex- 
ure, in  psi. 

d„  = outside  diameter  of  pipe, 
in  inches. 

e = amount  of  expansion  to 
be  absorbed,  in  inches. 

For  annealed  copper  tube: 

E = 15,600,000  psi 

p = 6,000  psi,  thus 

The  developed  length  L is  simply: 

L = 7.4(d„e)'4 

Tube  Supports  — Drawn  tube,  be- 
cause of  its  rigidity,  is  preferred  for 
exposed  piping.  Where  not  other- 
wise stated  in  plumbing  codes, 
drawn  temper  tube  requires  support 
for  horizontal  lines  at  about  8-foot 
intervals  for  sizes  of  1-inch  and 
smaller,  and  at  about  10-foot  inter- 
vals for  larger  sizes.  Vertical  lines 
are  usually  supported  at  every  story 
or  at  about  10-foot  intervals,  but  for 
long  lines  where  there  are  the  usual 
provisions  for  expansion  and  con- 
traction, anchors  may  be  several 
stories  apart  provided  there  are 
sleeves  or  similar  devices  at  all  in- 
termediate floors  to  restrain  lateral 
movement. 

Annealed  temper  tube  in  coils 
permits  long  runs  without  intermedi- 
ate joints.  Vertical  lines  of  annealed 
temper  tube  should  be  supported  at 


least  every  10  feet.  Horizontal  lines 
should  be  supported  at  least  every 
8 feet. 

Resistance  to  Crushing — Tests  made 
by  placing  a %-inch  round  steel  bar 
at  right  angles  across  a 1-inch  an- 
nealed copper  tube  and  then  exert- 
ing pressure  downward  revealed 
that,  even  with  this  severe  point- 
contact  loading,  700  pounds  were  re- 
quired to  crush  the  tube  to  75  per- 
cent of  its  original  diameter  at  any 
temperature.  Two-inch  sizes,  be- 
cause of  their  greater  wall  thick- 
nesses, resisted  even  more  weight 
before  crushing. 

Plumbing  codes  and  good  piping 
practice  require  that  all  excavations 
shall  be  completely  backfilled  as 
soon  after  inspection  as  practical. 
Trenches  should  first  be  backfilled 
with  12  inches  of  tamped,  clean 
earth  which  should  not  contain 
stones,  cinders,  or  other  materials 
which  would  damage  the  piping  or 
cause  corrosion.  Mechanical  devices 
such  as  bulldozers  and  graders  may 
be  used  to  complete  backfilling. 
Suitable  precautions  should  be 
taken  to  insure  permanent  stability 
for  pipe  laid  in  filled  or  made  ground. 

Freezing — Annealed  temper  tube 
can  withstand  the  expansion  of 
freezing  water  several  times  before 
bursting.  Under  test,  Va-inch  soft 
tube  filled  with  water  has  been  fro- 
zen as  many  as  six  times,  and  the 
2-inch  size  eleven  times.  This  is  a 
vital  safety  factor  favoring  soft  tube 
for  underground  water  services. 
However,  it  does  not  mean  that  cop- 
per water  tube  lines  should  be  sub- 
jected to  periodic  freezing. 


table  14  Radii  of  coiled  expansion  loops 

For  configurations  shown  in  figures  7A  and  7B  (page  24) 
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inches 
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Corrosion  — Copper  water  tube  is 
corrosion  resistant.  It  is  very  infre- 
quent that  waters  or  special  condi- 
tions are  encountered  which  can  be 
corrosive  to  copper  tube.  When  they 
are  encountered,  they  should  be 
recognized  and  dealt  with. 

In  the  past  30  years  in  the  United 
States  over  10  billion  pounds  of  cop- 
per plumbing  tube  have  been  pro- 
duced, 80%  of  which  has  been  in- 
stalled in  domestic  plumbing  sys- 
tems. This  translates  into  over  3.5 
million  miles  of  copper  plumbing 
since  World  War  II.  The  rare  prob- 
lems of  corrosion  by  aggressive 
water,  possibly  aggravated  by  faulty 
design  or  inadequate  workmanship, 
should  be  viewed  in  that  overall  con- 
text of  this  total  record  of  outstand- 
ing service  performance.  In  general, 
widespread  use  of  copper  plumbing 
tube  in  a locality  can  be  taken  as 
good  evidence  that  the  water  there 
is  not  aggressive  to  copper. 

The  rarely-encountered  corrosion 
problems  are  of  five  main  types:  (1) 
aggressive,  hard  well  waters  that 
cause  pitting;  (2)  soft,  acidic  waters 
that  do  not  allow  a protective  film  to 
form  inside  the  copper  tube;  (3)  sys- 
tem design  or  installation  which  re- 
sults in  excessive  waterflow  velocity 
or  turbulence  in  the  tube;  (4)  lapses 
in  good  workmanship,  and  (5)  ag- 
gressive soil  conditions. 

Aggressive  pitting  waters  can  be 
identified  by  chemical  analysis  and 
treated  to  bring  their  composition 
within  acceptable  limits.  Character- 
istically they  have  high  total  dis- 
solved solids  (t.d.s.)  including  sul- 
fates and  chlorides,  a pH  in  the 
range  of  7.3  to  7.8,  a high  content  of 
carbon  dioxide  (CO2)  gas  (over  10 
parts  per  million,  ppm),  and  the  pres- 
ence of  dissolved  oxygen  (D.O.)  gas. 
A qualified  water  treatment  engineer 
can  specify  a treatment  for  any  ag- 


gressive well  water  to  make  it  non- 
aggressive  to  plumbing  materials.  In 
general,  this  involves  raising  the  pH 
and  combining  or  eliminating  the 
CO2  gas.  Sometimes  simple  aeration 
of  the  water,  e.g.  spraying  in  the 
open  air,  is  treatment  enough. 

Pitting  can  also  be  caused  or  inten- 
sified by  faulty  workmanship  which 
leaves  excessive  amounts  of  residual 
aggressive  flux  inside  the  tube  after  in- 
stallation. If  the  joints  have  been 
overheated  during  installation  and  the 
excess  residual  flux  has  polymerized, 
the  pitting  problem  can  worsen. 

Soft  acidic  waters  can  cause  the 
annoying  problem  of  green  staining 
of  fixtures  or  “green  water.”  Raising 
the  pH  of  such  waters  to  a value  of 
about  7 or  more  usually  solves  the 
problem,  but  a qualified  water  treat- 
ment engineer  should  be  consulted. 
A typical  treatment  is  to  flow  the 
water  through  a bed  of  marble  chips. 

Excessive  water  veiocity  causes 
erosion-corrosion  or  impingement 
attack  in  plumbing  tube  and  piping 
systems.  As  explained  in  the  discus- 
sion of  pressure  system  sizing  be- 
ginning on  page  9,  to  avoid  erosion- 
corrosion  (and  noise)  problems,  flow 
in  a plumbing  system  should  not  ex- 
ceed 5 to  8 feet  per  second  maxi- 
mum— the  lower  limit  applying  for 
the  smailer  tube  sizes  in  the  system. 
Velocity  effects  can  be  aggravated 
if  the  water  is  also  chemically  ag- 
gressive due  to  pH  or  gas  content  as 
outlined  above,  or  if  solids  (silt)  are 
entrained  in  the  flow.  The  combina- 
tion of  a flow  rate  that  is  otherwise 
acceptable  and  a water  chemistry 
that  is  on  the  threshold  of  being  ag- 
gressive can  cause  trouble  that 
would  not  result  from  either  con- 
tributing factor  by  itself. 

Erosion-corrosion  can  also  be  ag- 
gravated by  faulty  workmanship.  For 
example,  if  burrs  are  left  behind  at 


table  15  Developed  length  of  expansion  offsets 


cut  tube  ends  they  can  upset  the 
streamlined  flow  and  cause  turbu- 
lence and  localized  very  high  veloc- 
ities, resulting  in  corrosion. 

Any  metal  pipe  laid  in  cinders  is 
subject  to  attack  by  the  acid  gener- 
ated when  sulfur  compounds  in  the 
cinders  combine  with  water.  Under 
such  circumstances,  the  tube  should 
be  isolated  from  the  cinders  with  an 
inert  moisture  barrier,  a wrapping  of 
insulating  tape,  a coating  of  an  as- 
phaltum  paint,  or  with  some  other 
approved  material.  Most  natural 
soils  do  not  attack  copper. 

Copper  drainage  tube  rarely  cor- 
rodes except  when  misused,  or 
when  errors  have  been  made  in 
designing  or  installing  the  drainage 
system.*  Improper  horizontal  slope 
can  permit  corrosive  solutions  to  lie 
in  the  tube  and  attack  it.  If  hydrogen 
sulfide  gas  is  allowed  to  vent  back 
into  the  house  drainage  system,  it 
can  attack  the  tube. 

•“Service  Experience  with  Copper  Plumbing  Tube,” 
MATERIALS  PROTECTION  AND  PERFORMANCE,  11 
(2),  pp.  48-53  (February,  1972),  National  Association 
of  Corrosion  Engineers. 

figure  7 Expansion 

loops  and  offsets 
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90° street  Ell  C x Ftg 
Close-Ruff 


90°  Street  Ell  C x Ftg, 
Long  Radius 


90°  Long 
Radius  Ell  C X C 


Return  Bend  C x C 


Companion  Flange 
125#  Standard 


90°  Drop  Ell  C X F 


45°  Street  Ell 
C X Ftg. 


Adapter  C x M 


Ftg.  Reducer 
Ftg.  X C 


Union  C X C 


Coupling  with  Stop  C x C 


Ftg.  Adapter  Ftg.  x M 


Flush  Bushing  Ftg.  x C 


Adapter  C x F 


Tube  Cap 


90°  Ell  C X C,  Close-Ruff 


figure  8 Typical  pressure  fittings 
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Vibration — Copper  tube  installations 
can  withstand  vibration  caused  by 
heavy  traffic,  pump  pulsations,  etc. 
The  use  of  copper  tube  in  motor 
vehicles,  aircraft,  warships  and  com- 
mercial vessels  has  demonstrated  con- 
clusively the  ability  of  copper  tubing  to 
withstand  the  effects  of  vibration  when 
careful  consideration  is  given  to  the 
design.  Care  should  be  taken  when  in- 
stalling systems  subject  to  vibration  to 
assure  that  they  are  free  from  resid- 
ual stresses  due  to  bending  or  forced 
fit-up.  Residual  stresses,  coupled 
with  vibration,  can  cause  fatigue  at 
bends  and  connections  where  such 
residual  stresses  have  been  built  into 
the  system. 

Durability — Under  normal  condi- 


tions, a correctly  designed  and  prop- 
erly installed  copper  water  tube  as- 
sembly will  easily  last  the  life  of  the 
building.  And,  throughout  its  exist- 
ence, it  should  function  as  well  as  it 
did  when  originally  installed. 

Water  Hammer  — Water  hammer  is 
the  term  used  to  describe  the  des- 
tructive forces,  pounding  noises  and 
vibrations  which  develop  in  a water 
system  when  the  flowing  liquid  is 
stopped  abruptly  by  a closing  valve. 

When  water  hammer  occurs,  a 
high-pressure  shock  wave  reverber- 
ates within  the  piping  system  until 
the  energy  has  been  spent  in  fric- 
tional losses.  The  noise  of  such  ex- 
cessive pressure  surges  such  as  this 
may  be  prevented  by  adding  a 


Joining  and  bending 


The  most  common  method  of  joining 
copper  tube  is  by  soldering  with 
capillary  fittings.  Soldered  joints  are 
used  in  plumbing  for  water  lines,  and 
for  sanitary  drainage.  Brazed  joints, 
with  capillary  fittings,  are  used 
where  greater  strength  is  required  or 
where  service  temperatures  are  as 
high  as  350F.  Brazing  is  preferred, 
and  often  required,  for  joints  in  re- 
frigeration piping.  Mechanical  joints 
are  used  frequently  for  underground 
tubing,  for  joints  where  the  use  of 
heat  is  impractical  and  for  joints  that 
may  have  to  be  disconnected  from 
time  to  time.  Copper  tube  may  also 
be  joined  by  butt-welding  without 
the  use  of  fittings. 

Fittings 

Fittings  for  copper  water  tube  used 
in  plumbing  and  heating  are  made 
to  the  following  standards:  Cast 
Bronze  Threaded  Fittings,  (ANSI 
B16.15);  Cast  Bronze  Solder  Joint 
Pressure  Fittings,  (ANSI  B16.18); 
Wrought  Copper  and  Bronze  Solder 
Joint  Pressure  Fittings,  (ANSI 
B16.22);  Cast  Copper  Alloy  Solder 
Joint  Drainage  Fittings  DWV,  (ANSI 
B1 6.23) ; Bronze  Flanges  and  Flanged 
Fittings,  (ANSI  B16.24);  Cast  Copper 
Alloy  Fittings  for  Flared  Copper 
Tubes,  (ANSI  B16.26);  Wrought  Cop- 
per and  Wrought  Copper-Alloy  Sol- 
der Joint  Drainage  Fittings,  (ANSI 
B16.29);  Non-ferrous  Pipe  Flanges, 
(ANSI  B16.31),  and  Cast  Bronze  Sol- 
der Joint  Fittings  for  SOVENT  Drain- 
age Fittings,  (ANSI  B16.32). 

‘American  National  Standards  Institute, 

1430  Broadway,  New  York,  N.Y.  10018 


Examples  of  fittings  are  shown  in 
Figures  8 (pg.  25),  9 and  10. 

Cast  bronze  pressure  fittings  are 
available  in  all  standard  tube  sizes 
and  in  a wide  variety  of  types  to 
cover  needs  for  plumbing  and  heat- 
ing. They  can  be  either  soldered  or 
brazed,  although  brazing  cast  fit- 
tings requires  care.  Wrought  copper 
pressure  fittings  are  also  available 
over  a wide  range  of  sizes  and  types. 
These,  too,  can  be  joined  by  either 
soldering  or  brazing  and  wrought  fit- 
tings are  preferred  where  brazing  is 
the  joining  method.  Otherwise,  the 
choice  between  cast  and  wrought  fit- 
tings is  largely  a matter  of  the  user’s 
preference. 

Flared-tube  fittings  provide  metal- 
to-metal  contact  similar  to  ground 
joint  unions;  both  can  be  easily  taken 
apart  and  reassembled.  They  are  es- 
pecially useful  where  residual  water 
cannot  be  removed  from  the  tube 
and  soldering  is  difficult.  Flared 
joints  may  be  required  where  a fire 
hazard  exists  and  the  use  of  a torch 
to  make  soldered  or  brazed  joints  is 
not  allowed.  Also,  soldering  under 
wet  conditions  can  be  very  difficult 
and  flared  joints  are  preferred  under 
such  circumstances. 

Solders 

Soldered  joints  depend  on  capillary 
action  drawing  free-flowing  molten 
solder  into  the  gap  between  the  fit- 
ting and  the  tube.  Flux,  applied  first, 
acts  as  a cleaning  and  wetting  agent 
and,  when  properly  applied,  permits 
uniform  spreading  of  the  molten 
solder  over  the  surfaces  to  be  sol- 
dered. Capillary  action  is  most  effec- 


capped air  chamber  or  surge  arrest- 
ing device  to  the  system. 

Arresting  devices  are  available 
commercially  to  provide  permanent 
protection  against  shock  from  water 
hammer.  They  are  designed  so  the 
water  in  the  system  will  not  contact 
the  air  cushion  in  the  arrester  and, 
once  installed,  they  require  no  fur- 
ther maintenance. 

On  single-fixture  branch  lines,  the 
arrester  should  be  placed  immedi- 
ately upstream  from  the  fixture  valve. 
On  multiple-fixture  branch  lines,  the 
preferred  location  for  the  arrester  is 
on  the  branch  line  supplying  the  fix- 
ture group  between  the  last  two  fix- 
ture supply  pipes. 


tive  when  the  space  between  the  sur- 
faces to  be  joined  is  between  0.002 
inch  and  0.005  inch  (.004  inch  to 
.010  inch  diametral  clearance). 

The  selection  of  a solder  depends 
on  the  operating  pressure  and  tem- 
perature of  the  line.  Consideration 
should  also  be  given  to  the  stresses 
on  the  joint  caused  by  thermal  ex- 
pansion and  contraction.  However, 
stresses  due  to  temperature  changes 
should  not  be  significant  in  two  com- 
monly encountered  cases:  when  tube 
lengths  are  short,  or  when  expan- 
sion loops  are  used  In  long  tube  runs 
(page  24). 

Rated  internal  working  pressures 
for  solder-fitting  joints  made  with 
copper  tube  using  50-50  tin-lead 
solder  and  95-5  tin-antimony  solder 
are  listed  In  Table  11  (page  16).  The 
50-50  tin-lead  solder  Is  suitable  for 
moderate  pressures  and  tempera- 
tures. For  higher  pressures,  or  where 
greater  joint  strength  Is  required, 
95-5  tin-antimony  solder  can  be 
used.  For  continuous  operation  at 
temperatures  exceeding  250F,  or 
where  the  highest  joint  strength  is 
required,  brazing  filler  metals  should 
be  used. 

Solder  of  composition  40%  tin  and 
60%  lead  has  been  used  for  plumb- 
ing applications  with  a reasonable 
degree  of  success.  However,  it  is 
somewhat  less  easy  to  use  than  the 
more  popular  50-50  solder.  The  95-5 
tin-antimony  solder  Is  more  difficult 
to  use  as  it  melts  at  a slightly  higher 
temperature  than  does  the  50-50 
solder  and  has  a very  narrow  solidi- 
fication range. 
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figure  9 Typical  drainage  fittings 


DWV  Soil  Pipe  Adapter 
C X Spigot 


3"  X 6”  DWV 
Swivel  Drum  Trap 
C X C X Cleanout 
w/Plug 


DWV  P-Trap 
with  Cleanout 
C X C X Cleanout 
w/Plug 


I : 4"  X 5"  DWV 
4 I Drum  Trap 
Bottom 

^^nlet  C X F X 
Cleanout  w/Plug 


DWV  Closet  Flange 


DWV  Trap  Adapter  C x SJ 
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figure  10  Typical  flared-tube  fittings  (See  page  37) 


Solder  is  generally  used  in  wire 
form,  but  paste-type  solders  are  also 
available.  These  are  finely  granulated 
solders  in  suspension  in  a paste  flux. 
When  using  paste-type  solders 
observe  these  four  rules: 

1.  Wire  solder  must  be  applied  in 
addition  to  the  paste  to  fill  the  voids 
and  assist  in  displacing  the  flux, 
otherwise  the  surfaces  may  be  well 
"tinned”  and  yet  there  may  not  be  a 
good  joint  with  a continuous  bond. 

2.  The  paste  mixture  must  be  thor- 
oughly stirred  if  it  has  been  standing 
in  the  can  for  more  than  a very  short 
time,  as  the  solder  has  a tendency  to 
settle  rapidly  to  the  bottom. 

3.  The  flux  cannot  be  depended 
on  to  clean  the  tube.  Cleaning  should 
be  done  manually  as  is  recom- 
mended for  any  other  flux  and  solder. 

4.  Remove  any  excess  flux. 


1.  Measuring 


3.  Reaming 


4.  Cleaning  tube  end 


2.  Cutting 
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Solders  are  available  containing 
small  amounts  of  silver  or  other  ad- 
ditives to  impart  special  properties. 
Such  solders  may  require  special 
fluxes.  The  manufacturer’s  recom- 
mendations should  be  consulted  re- 
garding proper  procedures  and 
fluxes  for  such  solders  and  about  the 
expected  properties. 

Fluxes 

The  functions  of  the  soldering  flux 
are  to  remove  residual  traces  of  ox- 
ides, to  promote  wetting  and  to  pro- 
tect the  surfaces  to  be  soldered  from 
oxidation  during  heating.  The  flux 
should  be  applied  to  clean  surfaces 
and  only  enough  should  be  used  to 
lightly  coat  the  areas  to  be  joined. 

An  oxide  film  may  reform  quickly 
on  copper  after  it  has  been  cleaned. 
Therefore,  the  flux  should  be  applied 
as  soon  as  possible  after  cleaning. 


The  fluxes  best  suited  to  the  50-50 
and  95-5  solders  are  mildly  corrosive 
liquid  or  petroleum-based  pastes 
containing  chlorides  of  zinc  and 
ammonium. 

Most  liquid  fluxes  are  so-called 
“self-cleaning”  fluxes  and  their  use 
involves  a risk.  Some  paste-type 
fluxes  are  also  identified  by  their 
manufacturers  as  “self-cleaning” 
and  there  is  a similar  risk  in  their 
use.  There  is  no  doubt  that  a strong 
corrosive  flux  can  remove  some  ox- 
ides and  dirt  films.  However,  when 
highly  corrosive  fluxes  are  used  this 
way,  there  is  always  an  uncertainty 
as  to  whether  or  not  uniform  clean- 
ing has  been  achieved  and  whether 
corrosive  action  continues  after  the 
soldering  has  been  completed. 

Soldered  joints 

There  are  twelve  simple  steps  to 
make  a solder  joint: 


1.  Measure  length  of  tube 

2.  Cut  tube  square 

3.  Ream  cut  end 

4.  Clean  tube  end 

5.  Clean  fitting  socket 

6.  Apply  flux  to  tube  end 

7.  Apply  flux  to  fitting  socket 

8.  Assemble 

9.  Remove  excess  flux 

10.  Apply  heat 

1 1 . Apply  solder 

12.  Allow  joint  to  cool. 

Although  these  operations  are 
basically  simple,  they  make  the  dif- 
ference between  good  joints  and 
poor  ones.  Most  of  these  steps  take 
less  time  to  do  than  to  describe.  For 
best  results  none  should  be  omitted. 

Measuring  — Measuring  the  length  of 
tube  is  not  really  part  of  the  solder- 
ing job,  but  inaccuracy  can  affect 
joint  quality.  If  a piece  of  tube  is  too 
short  it  will  not  reach  all  the  way  into 


5.  Cleaning  fitting  socket 


7.  Fluxing  fitting  socket 


6.  Fluxing  tube  end 


8.  Assembling  fitting  and  tube 
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the  socket  of  the  fitting  and  a proper 
joint  cannot  be  made. 

Cutting — Tube  should  be  cut  to  ex- 
act length  with  a square  cut.  Tube 
cutters  are  generally  used  for  sizes 
up  to  about  1 inch;  large  size  cutters 
for  tube  up  to  8 inches  are  available. 
An  alternate  method  is  to  cut  with  a 
hacksaw  blade  or  abrasive  saw. 

Reaming — The  tube  cutter  will  leave 
a small  burr  on  the  end  of  the  tube 
which  should  be  removed,  using  the 
reamer  attached  to  the  cutter  or 
some  other  appropriate  tool.  If  the 
tube  is  cut  with  a hacksaw,  there 
may  be  both  burrs  and  slivers,  which 
should  be  removed. 

If  the  tube  is  out  of  round,  as  may 
happen  when  a soft  temper  tube  coil 
has  been  straightened,  it  can  be 
brought  to  true  dimension  and 
roundness  with  a sizing  tool  which 
consists  of  a plug  and  a sizing  ring. 

Cleaning  — Surfaces  to  be  joined 
must  be  clean  and  free  from  oil, 
grease  and  heavy  oxide.  The  end  of 


the  tube  should  be  cleaned  for  a dis- 
tance only  slightly  more  than  is  re- 
quired to  enter  the  socket  of  the  fit- 
ting. Fine  sand  cloth  (00),  cleaning 
pads  or  special  wire  brushes  may  be 
used.  Rub  hard  enough  to  remove 
the  surface  film  or  soil,  but  not  hard 
enough  to  remove  metal.  If  the  clean- 
ing is  done  on  work  in  place,  care 
should  be  taken  that  particles  of 
material  do  not  fall  into  the  tube  or 
fitting. 

The  socket  of  the  fitting  should  be 
similarly  cleaned,  and  the  same  pre- 
cautions observed. 

Tube  and  fittings  are  made  to 
close  tolerances  and  abrasive  clean- 
ing should  not  remove  a significant 
amount  of  metal.  If  too  much  metal 
is  removed  during  cleaning,  the 
capillary  space  may  become  so 
large  that  a poor  joint  will  result. 

Fluxing— As  soon  as  possible  after 
cleaning,  the  surfaces  to  be  joined 
should  be  covered  with  a thin  film  of 
flux.  The  preferred  flux  is  one  that  is 
mildly  corrosive,  containing  zinc  and 


ammonium  chlorides.  In  some  paste 
fluxes  the  chemicals  have  a tend- 
ency to  settle  during  long  standing, 
so  the  paste  should  be  thoroughly 
stirred  when  a new  can  is  opened  or 
when  an  opened  can  has  been  stand- 
ing more  than  a few  hours.  The  flux 
can  be  applied  with  a small  brush  or 
a clean  rag.  Since  rags  are  apt  to 
pick  up  dirt,  they  should  be  changed 
frequently. 

Avoid  using  fingers  to  apply  flux. 
Flux  accidentally  carried  to  the  eyes 
can  be  very  harmful. 

Particular  care  should  be  exercis- 
ed to  avoid  leaving  excess  flux  in- 
side the  completed  joint.  (See  Corro- 
sion section,  P.  24.) 

Assembling  — Assemble  the  joint  by 
inserting  the  tube  into  the  fitting 
socket,  making  sure  that  the  tube  is 
firmly  against  the  end  of  the  socket. 
A small  twist  will  help  spread  the 
flux  over  the  two  surfaces.  Remove 
the  excess  flux  with  a rag.  The  joint 
is  now  ready  for  soldering. 


9.  Removing  excess  flux 


11.  Applying  solder 


10.  Heating  the  assembly 


12.  The  finished  joint 
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It  is  frequently  the  practice  to 
clean,  flux,  and  assemble  a series  of 
joints  before  soldering.  However,  as- 
sembling joints  more  than  two  or 
three  hours  ahead  of  soldering  is  not 
recommended,  and  the  fluxed  as- 
sembly should  never  be  left  over- 
night before  soldering. 

Applying  Heat  and  Solder  — Heat  is 
usually  applied  with  a propane  or 
butane  torch  or  with  an  air-acetylene 
or  an  oxy-acetylene  torch.  The  flame 
is  played  on  the  fitting  and  moved  in 
order  to  heat  as  large  an  area  as 
possible.  Do  not  point  the  flame  into 
the  socket.  Avoid  overheating,  which 
will  burn  the  flux  and  destroy  its 
effectiveness.  If  the  flux  has  been 
burned,  the  solder  will  not  enter  the 
joint,  and  the  joint  must  be  opened, 
recleaned,  and  refluxed.  Cast  fittings 
should  not  be  overheated  because 
they  might  crack. 

When  the  joint  is  hot  enough,  the 
solder  will  melt  on  contact  with  the 
tube  and  the  flame  should  be  moved 
away.  If  the  solder  does  not  melt, 
remove  it,  continue  to  heat,  then  try 
again.  For  large  fittings,  a multiple 
tip  or  ring-type  torch  may  be  useful. 
After  the  initial  application  of  solder, 
complete  penetration  and  filling  of 
the  joint  can  be  effected  by  alternat- 
ing application  of  heat  and  solder. 

Opinions  differ  as  to  when  a sol- 
der fillet  is  necessary  or  desirable. 
Unless  specifications  require  fillets, 
they  should  be  omitted. 

If  the  metal  is  properly  cleaned 
and  fluxed,  capillary  action  should 
draw  all  the  solder  needed  into  the 
joint.  Pretinning  is  not  necessary  and 
generally  is  not  recommended  for 
the  tube  sizes  used  in  ordinary 
plumbing  installations.  Pretinning 
may  actually  interfere  to  some  ex- 
tent with  the  capillary  action. 

Soldered  joints  depend  on  capil- 
lary action  drawing  free-flowing 
molten  solder  into  the  narrow  clear- 
ance between  the  fitting  and  the  tube. 
Flux,  applied  first,  acts  as  a cleaning 
and  wetting  agent  and,  when  prop- 
erly applied,  permits  uniform  spread- 
ing of  the  molten  solder  over  the 
surfaces  to  be  soldered.  Capillary 
action  is  the  most  effective  when  the 
space  between  the  surfaces  to  be 
joined  is  between  0.002  inch  and 
0.005  inch  (.004  inch  to  .010  inch 
diametral  clearance).  A certain 
amount  of  looseness  of  fit  can  be 
tolerated,  but  loose  fit  can  cause  dif- 
ficulties with  large  size  fittings.  This 
is  particularly  true  for  horizontal 
joints.  An  oversize  fitting  with  the 


table  16  Typical  consumption  of  95-5, 

tin-antimony  solder  per  100  joints* 


Tube  Size, 

i inches 

Solder  Required,* 
pounds 



Flux  Required,* 

ounces 

V4  -% 

V2 

1 

3/4  & 1 

3/4 

11/2 

1 1/4  & 1 1/2 

1 

2 

2 

2 

4 

21/2 

21/2 

5 

3 

3 

6 

31/2 

31/2 

7 

4 

4 

8 

5 

7 

14 

6 

10 

20 

8 

16 
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'Includes  an  allowance  of  100%  to  cover  wastage  and  loss  for  tube  sizes  up  to  two-inch  and  25%  for 
tube  sizes  2y2-inch  and  larger. 


tube  resting  directly  on  the  socket 
will  result  in  too  large  a gap  at  the 
top.  If  a horizontal  joint  is  being 
made  and  if  the  capillary  space  is 
maximum,  the  tube  should  be  cen- 
tered, and  supported  before  solder- 
ing. Poor  alignment  contributes  to 
poor  joints.  Wherever  possible, 
joints  should  be  made  up  in  sub- 
assemblies  in  the  vertical  position, 
before  installation. 

For  joining  copper  tube  to  solder- 
cup  valves,  follow  the  manufactur- 
er’s instructions.  The  valve  should  be 
in  the  full  open  position  before  ap- 
plying heat  and  the  heat  should  be 
applied  to  the  tube  only. 

The  amount  of  solder  consumed 
when  adequately  filling  the  capillary 
space  between  the  tube  and  either 
wrought  or  cast  fittings  may  be  esti- 
mated from  Table  16.  The  flux  re- 
quirement is  usually  2 ounces  per 
pound  of  solder. 

Cooling  — Allow  joint  to  cool  natu- 
rally for  some  time  if  cast  fittings  are 
used.  Too  rapid  cooling  can  crack 
cast  fittings. 

When  the  entire  assembly  has 
been  completed,  test  it  by  turning  on 
the  water.  If  the  joints  have  been 
made  as  described,  there  should  be 
no  leaks.  However,  if  a leak  is  dis- 
covered the  tube  must  be  drained. 


as  a few  drops  of  water  may  inter- 
fere with  reheating  the  joint  to  re- 
pair it. 

Brazed  joints 

strong  leak-tight  brazed  connec- 
tions for  copper  tube  may  be  made 
by  brazing  with  filler  metals  which 
melt  at  temperatures  in  the  range 
between  1100  and  1500F,  as  listed 
in  Table  17.  Brazing  filler  metals  are 
sometimes  referred  to  as  “hard  sol- 
ders” or  “silver  solders” — confusing 
terms  which  should  be  avoided. 

The  temperature  at  which  filler 
metal  starts  to  melt  on  heating  is 
known  as  the  solidus  temperature; 
the  Hquidus  temperature  is  the 
higher  temperature  at  which  the  filler 
metal  is  completely  melted.  The 
liquidus  temperature  is  the  minimum 
temperature  at  which  brazing  will 
take  place.  The  difference  between 
solidus  and  liquidus  is  known  as  the 
melting  range  and  may  be  of  impor- 
tance when  selecting  a filler.  It  indi- 
cates the  width  of  the  working  range 
for  the  alloy  and  the  speed  with 
which  the  alloy  will  become  fully 
solid  after  brazing.  Narrow  ranges 
require  more  care  and  solidify  more 
quickly.  The  melting  ranges  of  com- 
mon brazing  alloys  are  shown  in 
Figure  11  on  page  35. 


31 


table  17  Filler  metals  for  brazing 


AWS 

Classification 

Principai  Elements,  percent 

...  . _ 

Silver 

Phosphorus 

Zinc 

Cadmium* 

Tin 

Copper 

BCuP-2 

7.00-7.50 

Balance 

BCuP-3 

4.75-5.25 

5.75-6.25 

Balance 

BCuP-4 

5.75-6.25 

7.00-7.50 

Balance 

BCuP-5 

14.5-15.5 

4.75-5.25 

Balance 

BAg-1  * 

44-46 

14-18 

23-25* 

14-16 

BAg-2* 

34-36 

19-23 

17-19* 

25-27 

BAg-5 

44-46 

23-27 

29-31 

BAg-7 

55-57 

15-19 

4.5-5.5 

21-23 

•WARNING:  BAg1  and  BAg2  contain  cadmium.  Heating  when  brazing  can  produce  highiy  toxic  fumes.  Avoid  breathing  fumes.  Use  adequate  ventilation. 


Brazing  filler  metals  suitable  for 
joining  copper  tube  are  of  two 
classes:  (1)  alloys  containing  30  to 
60%  silver  (the  BAg  series)  and,  (2) 
copper  alloys  which  contain  phos- 
phorus (the  BCuP  series).  See  Table 
17.  The  two  classes  differ  in  their 
melting,  fluxing,  and  flowing  charac- 
teristics and  these  should  be  consid- 
ered in  selection  of  a filler  metal.  For 


joining  copper  tube  any  of  these 
filler  metals  will  provide  the  neces- 
sary strength  when  used  with  stand- 
ard solder-type  fittings  or  commer- 
cially available  short-cup  brazing 
fittings. 

The  strength  of  a brazed  copper 
tube  joint  does  not  vary  much  with 
the  different  filler  metals,  but  de- 
pends mainly  on  maintaining  the 


proper  clearance  between  the  out- 
side of  the  tube  and  socket  of  the 
fitting.  Copper  tube  and  solder-type 
fittings  are  accurately  made  for  each 
other  and  the  tolerances  permitted 
for  each  assure  that  the  capillary 
space  will  be  within  the  limits  nec- 
essary for  a joint  of  satisfactory 
strength.  The  rated  internal  working 
pressures  of  brazed  water  lines  at 


1.  Fluxing 


3.  Heating  small  tube 


2.  Assembling 


4.  Heating  small  fitting 


32 


service  temperatures  up  to  350F  (the 
temperature  for  saturated  steam  at 
120  psi)  are  shown  in  Table  11.  (Page 
16.)  These  pressure  ratings  should 
be  used  only  when  a fitting  made  to 
ciose  toierances  has  been  used  and 
the  correct  capiiiary  space  has  been 
maintained. 

In  preparing  to  braze  a joint,  the 
preiiminary  steps  of  tube  measuring, 
cutting,  removing  burrs,  and  clean- 
ing are  identical  to  the  steps  in  the 
soldering  process.  Tube  ends  and 
sockets  must  be  thoroughly  cleaned 
before  beginning  the  brazing  op- 
eration. 

Best  results  will  be  obtained  by 
the  step-by-step  brazing  procedure 
that  follows: 

Fluxing  — Fluxing  should  be  done  in 
accordance  with  the  recommenda- 
tions of  the  manufacturer  of  the  braz- 
ing filler  metal  being  used.  The  flux 
is  applied  with  a brush  to  the  cleaned 
area  of  the  tube  end  and  the  fitting 
socket.  If  the  outside  of  the  fitting 
and  the  heat-affected  area  of  the 
tube  are  covered  with  flux,  it  will  pre- 
vent oxidation  and  greatly  improve 


the  appearance  of  the  joint.  Avoid 
getting  flux  inside  the  tube  iself. 

Flux  may  be  omitted  when  joining 
copper  tubes  to  wrought  copper  fit- 
tings with  copper-phosphorus  alloys 
(BCuP  Series),  which  are  self-fluxing 
on  copper.  Fluxes  are  required  for 
joining  to  cast  (bronze)  fittings. 

The  trade  names  for  the  brazing 
filler  metals  are  shown  in  Table  18. 
While  any  of  the  listed  filler  metals 
may  be  used,  those  most  commonly 
used  in  plumbing,  pipe  fitting,  refrig- 
eration, and  air-conditioning  are 


BCuP-4  (for  close  tolerances), 
BCuP-5  (where  close  tolerances 
cannot  be  held)  and  BAg-1. 

Assembling — Assemble  the  joint  by 
inserting  the  tube  into  the  socket 
hard  against  the  stop  and  turn  if 
possible.  The  assembly  should  be 
firmly  supported  so  that  it  will  remain 
in  alignment  during  the  brazing 
operation. 

Applying  Heat  and  Brazing 

1.  Apply  heat  to  the  parts  to  be 
joined;  preferabiy  with  an  oxy-acety- 
lene  flame.  Air-acetylene  is  some- 
times used  on  smaller  sizes.  A 
slightly  reducing  (excess  fuel)  flame 
should  be  used,  with  a feather  on  the 
inner  blue  cone;  the  outer  portion  of 
the  flame  should  be  white.  Heat  the 
tube  first,  beginning  about  one  inch 
from  the  edge  of  the  fitting,  sweep- 
ing the  flame  around  the  tube  in 
short  strokes  at  right  angles  to  the 
axis  of  the  tube.  It  is  very  important 
that  the  flame  be  in  motion  continu- 
ousiy  and  not  remain  on  any  one 
point  long  enough  to  damage  the 
tube.  The  flux  may  be  used  as  a 


5.  Feeding  brazing  alloy  to  horizontal  joint 


7.  Removing  residue 


6.  Feeding  brazing  alloy  upward  in  vertical  joint 


8.  Completed  brazed  joint 
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table  18  Trade  names  for  brazing  filler  metals 


,.  , 

AWS  CLASSIFICATION 

MANUFACTURER 

BCuP-2 

BCuP-3 

BCuP-4 

BCuP-5 

BAg1* 

BAg2‘ 

BAgS 

BAg7 

Air  Products  & 

Chemicals,  Inc. 

AP-Sil  0 

AP-Sil  5 

AP-Sil  6 

AP-Sil  15 

AP- 
Sil  45 

AP- 
Sil  35 

— 

— 

Airco  Welding 

Phos 

Phos 

Phos 

Aircosil 

Aircosil 

Aircosil 

Aircosil 

Aircosil 

Products 

Copper 

Silver 

Silver 

15 

45 

35 

G 

J 

Rod 

3M 

6 

Alloy  Metals,  Inc. 

AMDRY 

Phos 

Copper 

— 

— 

— 

— 

— 

— 

— 

Allweld 

Allweld 

Allweld 

Allweld 

Allweld 

Alloys,  Inc. 

Phos 

Phos 

Phos 

Phos 

Allweld 

Allweld 

Allweld 

Allweld 

Braze 

Braze 

Braze 

Braze 

45 

35 

450 

56 

# 0 

# 5 

# 6F 

# 15 

Aufhauser  Brothers 

Aufhauser 

Aufhauser 

Aufhauser 

Aufhauser 

Aufhauser 

Aufhauser 

Aufhauser 

Aufhauser 

BCuP-2 

BCuP-3 

BCuP-4 

BCuP-5 

BAg-1 

BAg-2 

BAg-5 

BAg-7 

Bowman  Distribution 

Bowma- 

Bowma- 

Barnes  Group,  Inc. 

— 

— 

— 

— 

— 

— 

braze 

braze 

875 

877 

Brite-Weld  Corporation 

Sil 

Sil 

Sil 

PC-0 

PC-5 

PC-6 

PC-15 

Brite 

Brite 

— 

Brite 

45 

35 

56 

Chemetron  Welding 

All-State 

All-State 

All-State 

All-State 

Products 

Silflo 

■■O” 

Silflo 

"5” 

Silflo 

‘‘15’' 

No.  101 

No.  155 

Englehard  Minerals  & 

Silvaloy 

Silvaloy 

Silvaloy 

Silvaloy 

Silvaloy 

Silvaloy 

Silvaloy 

Chemicals 

0 

5 

15 

45 

35 

A18 

355 

Federated  Metals  Corp. 

Asarco 

Asarco 

Asarco 

Asarco 

Asarco 

Asarco 

Asarco 

Asarco 

Newark  Plant 

1300 

1 220-5 

1200 

1180 

45 

35 

145 

56 

Fusion,  Inc. 

1300 

1305 

1306 

1315 

1000 

1100 

1250 

1205 

Flandy  & Flarman 

Fos  Flo 

Sil  Fos 

Sil  Fos 

Sil  Fos 

Easy 

Flo 

Easy 

Flo 

Braze 

Braze 

7 

5 

6 

7 

45 

35 

450 

560 

J.  W.  Flarris  Co., 

Stay- 

Stay- 

Stay 

Stay- 

Stay- 

Stay- 

Safety- 

Safety- 

Inc. 

Siiv 

Silv 

Silv 

Silv 

Silv 

Silv 

Silv 

Silv 

0 

5 

6 

15 

45 

35 

1370 

1200 

International  Welding 

Inweld 

Inweld 

Inweld 

Inweld 

Inweld 

Inweld 

Inweld 

Inweld 

Products,  Inc. 

520 

521 

523 

522 

510 

510FC 

BAg-2 

BAg-5 

511, 

511FC 

J D B Alloys,  Inc. 

Braze-lt 

Braze-lt 

Braze-lt 

Braze-lt 

Braze-lt 

Braze-lt 

Braze-lt 

45 

Cd.Fr. 

Braze-lt 

0 

5 

6 

15 

45 

35 

56 

Latamer  Company,  Inc, 

Latco 

Latco 

Latco 

Latco 

Latco 

Latco 

Latco 

Latco 

0 

5 

6 

15 

45 

35 

BAg-5 

BAg-7 

Liquid  Air,  Inc. 

LAI  S-5 

LAI  S-1 5 

LAI 

LAI 

LAI 

b-Ab 

bi-5b 

S-355 

Lucas-Milhaupt,  Inc. 

Fos  Flo 

Sil  Fos 

Sil  Fos 

Easy 

Easy 

Braze 

Braze 

7 

5 

1 

Flo  45 

Flo  35 

450  (DE) 

560 

34 


table  18  (cont’d) 


AWS  CLASSIFICATION 

j 

BCuP-2 

BCuP-3 

BCuP-4 

BCuP-5 

BAgI* 

' 

BAg2* 

BAgS 

BAg7 

Marquette  (Div.  of  Applied 

Power,  Inc.) 

— 

— 

— 

No.  1175 
Silver 

Alloy  Rod 

— 

— 

Nassau  Research  Corp. 

Venus  G 
BCuP-2 

Venus  G 
BCuP-3 

Venus  G 
BCuP-4 

Venus  G 

BCuP-5 

Nassau 

BAg-1 

Nassau 

BAg-2 

Nassau 

BAg-5 

Nassau 

BAg-7 

Thermacote-Welco  Co. 

Weloo 
Silv-R- 
Fos  “0” 

Welco 
Silv-R- 
Fos  "5” 

— 

Welco 
Silv-R- 
Fos  "15” 

Welco 

201  Cd, 
204FC 

— 

Welco 

201 

Welco 

200 

203  FC 

Tricon  Brazing 

Alloys,  Inc. 

Fos-Flo  7 

Sil  Fos  5 

— 

Sil-Fos 

EF45 

EF35 

BR450 

(DE) 

BR560 

United  Wire  & Supply 

Corp. 

Phoson  0 

Phoson  5 

— 

Phoson  1 5 

45 

Sil 

Bond 

45 

Sil 

Bond 

35 

Sil 

45 

Sil  56T 

Unibraze  Corporation 

Unibraze 

0 

Unibraze 

5 

Unibraze 

6 

Unibraze 

15 

Unibraze 

45,  1010 

Unibraze 

35 

Unibraze 

BAg-5 

45CF 

Unibraze 

1550 

Westinghouse  Electric 

Corp. 

Phos 

Copper 

Phos 

Silver  5 

Phos 
Silver  6 

Phos 
Silver  1 5 

Co  Silver 
45C 

Co  Silver 
35C 

Co  Silver 
45C 

Co  Silver 
SOT 

SOURCE;  AWS  A5,  8 — 76  "Filler  Metal  Comparison  Charts,"  American  Welding  Society,  Miami,  Florida. 


The  information  in  this  comparison  chart  has  been  obtained  from  the  manufacturer  or  supplier  of  the  particular  filler  metal  at  the  time  of  issue.  Neither  the 
American  Welding  Society  nor  the  Copper  Development  Association  Inc.  assumes  responsibility  for  the  accuracy  of  the  listings.  Filler  metals  are  not  "approved” 
by  the  American  Welding  Society  or  by  the  Copper  Development  Association  Inc.  The  manufacturer  or  supplier  should  be  consulted  regarding  his  guarantee 
of  compliance  to  specifications. 

"WARNING:  BAgI  and  BAg2  contain  cadmium.  Heating  when  brazing  can  produce  toxic  fumes.  Avoid  breathing  fumes.  Use  adequate  ventilation. 

figure  11  Brazing  parameters 


2000  °F 


Melting  and  Brazing  Ranges 
MELTING  RANGE 

^ 1981  COPPER 


1500°F 


1810-1880  RED  BRASS 


1660-1710  YELLOW  BRASS 


BRAZING  TEMPERATURE  RANGE 


1000°F 


500  °F 


1350-1550  BCuP-2 
1300-1550  BCuP-3 
1300-1450  BCuP-4 
1300-1500  BCuP-5 
1145-1400  BAg-1 
1295-1550  BAg-2 
1370-1550  BAg-5 
1205-1400  BAg-7 


COPPER  PROS. 
COPPER  PROS. 
COPPER  PROS. 
COPPER  PROS. 
SILVER 
SILVER 
SILVER 
SILVER 


MELTING  RANGE-SOLDERS 

452-464  95/5  TIN-ANTIMONY 
361-421  50/50  TIN-LEAD 


Behavior  of  Flux  during  Brazing  Cycle 
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guide  as  to  how  long  to  heat  the 
tube;  continue  heating  the  tube  until 
the  flux  becomes  quiet  and  transpar- 
ent, like  clear  water.  The  behavior  of 
fiux  during  the  brazing  cycle  is  de- 
scribed in  Figure  11. 

2.  Switch  the  fiame  to  the  fitting  at 
the  base  of  the  cup.  Heat  uniformiy, 
sweeping  the  fiame  from  the  fitting 
to  the  tube  until  the  flux  on  the  fitting 
becomes  quiet.  Avoid  excessive 
heating  of  cast  fittings. 

3.  When  the  fiux  appears  liquid 
and  transparent  on  both  the  tube  and 
fitting,  start  sweeping  the  flame  back 
and  forth  along  the  axis  of  the  joint 
to  maintain  heat  on  the  parts  to  be 
joined,  especially  toward  the  base  of 
the  cup  of  the  fitting.  The  flame  must 
be  kept  moving  to  avoid  burning  the 
tube  or  fitting. 

4.  Apply  the  brazing  wire,  rod  or 
strip  at  a point  where  the  tube  enters 
the  socket  of  the  fitting.  When  the 
proper  temperature  is  reached,  the 
filler  metal  will  flow  readily  into  the 
space  between  the  tube  and  the  fit- 
ting socket,  drawn  in  by  the  natural 
force  of  capillary  attraction.  Keep 
the  flame  away  from  the  rod  or  wire 


itself  as  it  is  fed  into  the  joint.  The 
temperature  of  the  joint  itself  should 
be  hot  enough  to  melt  the  filler  metal. 
Keep  both  the  fitting  and  tube  heated 
by  moving  the  flame  back  and  forth 
from  one  to  the  other  as  the  filler 
metal  is  drawn  into  the  joint.  When 
the  joint  is  properly  made,  a contin- 
uous fillet  of  filler  metal  will  be  visi- 
ble completely  around  the  joint.  Stop 
feeding  as  soon  as  you  see  that  fillet. 
Table  19  is  a guide  for  estimating 
how  much  filler  metal  will  be  con- 
sumed, along  with  recommended 
torch  tip  sizes  and  gas  settings. 

For  1-inch  tube  and  larger  it  may 
be  difficuit  to  bring  the  whole  joint 
up  to  heat  at  one  time.  It  frequently 
will  be  found  desirable  to  use  a mul- 
tiple tip  torch  to  maintain  the  proper 
temperature  over  the  large  area.  A 
mild  preheating  of  the  whole  fitting 
is  recommended  for  larger  sizes. 
Heating  then  can  proceed  as  out- 
lined in  the  steps  above.  If  difficulty 
is  encountered  in  getting  the  entire 
joint  up  to  the  desired  temperature 
at  one  time,  a portion  of  the  joint 
can  be  heated  and  brazed  at  a time, 
proceeding  by  segments  progres- 
sively all  around  the  joint. 


Horizontal  and  Vertical  Joints — 
When  making  horizontal  joints  it  is 
preferable  to  first  apply  the  filler 
metal  at  the  bottom,  then  the  two 
sides,  and  finally  the  top,  making 
sure  the  operations  overlap.  On  ver- 
tical joints  it  is  immaterial  where  the 
start  is  made.  If  the  opening  of  the 
socket  is  pointing  down,  care  should 
be  taken  to  avoid  overheating  the 
tube,  as  this  may  cause  the  brazing 
alloy  to  run  down  the  outside  of  the 
tube.  If  this  happens,  take  the  heat 
away  and  allow  the  alloy  to  set.  Then 
reheat  the  cup  of  the  fitting  to  draw 
up  the  alloy. 

Removing  Residue  — After  the  braz- 
ing alloy  has  solidified,  clean  off  flux 
residue  with  a wet  brush  or  swab. 
Wrought  fittings  may  be  chilled 
quickly;  however,  it  is  advisable  to 
allow  cast  fittings  to  cool  naturally 
to  some  extent  before  wetting. 

General  Hints  and  Suggestions  — If 
the  filler  metal  fails  to  flow  or  has  a 
tendency  to  ball  up,  it  indicates  oxi- 
dation on  the  metal  surfaces  or  in- 
sufficient heat  on  the  parts  to  be 
joined.  If  work  starts  to  oxidize  dur- 
ing heating  there  is  too  little  flux. 


table  19  Typical  brazing  parameters  for  copper  plumbing  tube 


j 

! Tube  Size, 

I inches 

I 

I 

Consumption  of  Fiiier<“i 

Torch  Tip 

Drill  Size  No. 

Acetylene 

Flow, 

cubic  ft  per  hr 

Pressure  of 
Each  Gas, 
lbs  per  sq  inch 

K6-inch 

Wire 

Hi-lnch 

Wire 

.050  X Ve-inch 
Strip 

V4 

3/4 

- 

_ 

54 

15.9 

4 

3/8 

1 

- 

- 

54 

15.9 

4 

Vz 

IV2 

3/4 

% 

51 

24.8 

5 

3/4 

2 

1 

11/8 

51 

24.8 

5 

1 

3 

11/2 

1% 

48 

31.6 

6 

11/4 

4 

2 

21/8 

48 

31.6 

6 

IVz 

- 

21/2 

25/8 

44 

38.7 

7 

2 

- 

33/4 

4 

40 

60.0 

7 

2/2 

- 

6 

7 

40 

60.0 

7 

3 

- 

10 

11 

35 

70.0 

71/2 

31/2 

- 

12 

13 

35 

70.0 

71/2 

4 

- 

14 

151/2 

30 

88.5 

9 

5 

- 

161/2 

18 

30 

88.5 

9 

6 

- 

21 

23 

30 

88.5 

9 

(a)  Approximate  consumption  when  brazing  one  cup  of  the  fitting.  Actual  consumption  depends  on  workmanship.  For  filler  sizes  shown  one  pound  of  filler  alloy 
provides  1 ,068  inches  of  Kt-inch  wire,  475  inches  of  >^j-inch  wire  or  624  inches  of  .050  x Vs-inch  strip.  Other  filler  sizes  are  also  available. 


36 


if  the  filler  metal  does  not  enter  the 
joint  and  tends  to  flow  over  the  out- 
side of  either  member  of  the  joint, 
it  indicates  that  one  member  is  over- 
heated or  the  other  is  underheated. 

Flared  joints 


Impact  or  screw-type  tools  are  used 
for  flaring  tube.  The  procedure  for 
impact  flaring  is  as  follows: 

1.  Cut  the  tube  to  the  required 
length. 

2.  Remove  all  burrs.  This  is  very 
important  to  assure  metal-to-metal 
contact. 

3.  Slip  the  coupling  nut  over  the 
end  of  the  tube. 


4.  Insert  flaring  tool  into  the  tube 
end.  (Photo  1 .) 

5.  Drive  the  flaring  tool  by  ham- 
mer strokes,  expanding  the  end  of 
the  tube  to  the  desired  flare.  (Cau- 
tion: Use  eye  protection.)  This  re- 
quires a few  moderately  light 
strokes.  (Photo  2.) 

6.  Assemble  the  joint  by  placing 
the  fitting  squarely  against  the  flare. 
Engage  the  coupling  nut  with  the  fit- 
ting threads.  (Photo  3.)  Tighten  with 
two  wrenches,  one  on  the  nut  and 
one  on  the  fitting. 

Using  screw-type  flaring  tools  the 
procedure  is  as  follows: 

1-3.  Same  as  for  impact  flaring 
previously  described. 


4.  Clamp  the  tube  in  the  flaring 
block  so  that  the  end  of  the  tube  is 
slightly  above  the  face  of  the  block. 
(Photo  4.) 

5.  Place  the  yoke  of  the  flaring 
tool  on  the  block  so  that  the  beveled 
end  of  the  compressor  cone  is  over 
the  tube  end. 

6.  Turn  the  compressor  screw 
down  firmly,  forming  the  flare  be- 
tween the  chamber  in  the  flaring 
block  and  the  beveled  compressor 
cone.  (Photo  5.) 

7.  Remove  the  flaring  tool.  The 
joint  can  now  be  assembled  as  in 
step  6 for  impact  flaring.  (Photo  6.) 
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Bending 

Because  of  its  excellent  formability, 
copper  can  be  formed  as  desired 
at  the  job  site.  Copper  tube,  prop- 
erly bent,  will  not  collapse  on  the 
outside  of  the  bend  and  will  not 
buckle  on  the  inside  of  the  bend. 
Tests  demonstrate  that  the  bursting 
strength  of  a bent  copper  tube  can 
be  greater  than  it  was  before  bend- 
ing. Because  copper  is  readily 
formed,  expansion  loops  and  other 
bends  necessary  in  an  assembly  are 
quickly  and  simply  made  if  the 
proper  method  and  equipment  are 
used.  Simple  hand  tools  employing 
mandrels,  dies,  forms,  and  fillers,  or 
power-operated  bending  machines, 
are  used. 

Both  annealed  tube  and  bending- 
temper  tube  can  be  bent  with  hand 
benders.  The  proper  size  bender  for 
each  size  tube  must  be  used.  Usually 
the  size  of  the  tool  corresponds  to 
the  nominal  outside  diameter  of  the 
tube,  not  the  standard  tube  size.  For 
a guide  to  the  typical  bend  radii,  see 
Table  20,  for  both  machine  bending 


and  bending  by  hand  using  circular 
wooden  discs. 

The  procedure  for  bending  cop- 
per tube  with  a lever-type  hand 
bender  is  illustrated.  (A)  With  the 
handles  at  180°  and  the  tube-holding 
clip  raised  out  of  the  way,  insert  the 
tube  in  the  forming-wheel  groove. 

(B)  Place  the  tube-holding  clip  over 
the  tube  and  bring  the  handle  into 
an  approximately  right  angle  posi- 
tion, engaging  the  forming  shoe  over 
the  tube.  The  zero  mark  on  the  form- 
ing wheel  should  then  be  even  with 
the  front  edge  of  the  forming  shoe. 

(C)  Bend  by  pulling  the  handles 
toward  each  other  in  a smooth,  con- 
tinuous motion.  The  desired  angle  of 
the  bend  will  be  indicated  by  the  cali- 
brations on  the  forming  wheel.  (D) 
Remove  the  bent  tube  by  pivoting 
the  handle  to  a right  angle  with  the 
tube,  disengaging  the  forming  shoe. 
Then  release  the  tube  holding  the 
clip.  Of  course,  if  the  manufacturer 
of  the  tube  bender  has  special  in- 
structions regarding  his  product, 
such  instructions  should  be  followed. 


table  20  Bending  guide  for  copper  tube 


Tube  Size, 
inches 

Tube  Type 

Temper 

Minimum 

Bend 

Radius, 

inches 

Type  of  Bending 
Equipment 

1/4 

K,  L 

Annealed 

3/4 

Lever  type 

% 

K,  L 

Annealed 

IVz 

Lever  or  gear  type 

3 

None;  by  hand* 

K,  L,  M 

Drawn 

13/4 

Gear  type 

Vz 

K,  L 

Annealed 

21/4 

Lever  or  gear  type 

41/2 

None;  by  hand* 

K,  L,  M 

Drawn 

21/2 

Gear  type 

% 

K,  L 

Annealed 

3 

Lever  or  gear  type 

K 

41/2 

None;  by  hand* 

L 

6 

None;  by  hand* 

K 

Drawn 

3 

Gear  type 

K,  L 

4 

Heavy-duty  gear  type 

1 

K,  L 

Annealed 

4 

Gear  type 

71/2 

None;  by  hand* 

IV4 

K,  L 

Annealed 

9 

None;  by  hand* 

*When  bending  by  hand,  without  the  use  of  bending  equipment,  a circular  wooden  disc  is  used.  The 
radius  of  the  disc  should  be  about  1/4  to  Vi  inch  less  than  the  minimum  bend  radius  shown. 
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To  the  user: 

We  hope  you  have  found  this  handbook  in- 
formative and  useful.  Please  let  us  know  how 
you  feel  it  could  be  improved. 
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SDHW  System  Heat  Exchanger  Sizing  Examples 


The  basic  heat  transfer  equations  used  to  analyze  and  size  heat 
exchangers  are  the  following: 


1) 


2) 


= V 


pCp  a I 
and 

where 

^ = heat  transferred  (Btu/hr) 

V = volumetric  flow  rate  of  fluid  (gal/hr) 

^ = density  of  fluid  (Ib/gal) 

Cp  = heat  capacity  of  fluid  (Btu/lb-°F) 

= temperature  difference  of  the  fluid  entering 
and  leaving  the  exchanger  (°F) 

Vo  = overall  heat  transfer  coefficient 
(Btu/hr-ft^-op) 

Aq  = overall  area  of  heat  exchange 
surface  (ft^) 

A’^LM  “ "log  mean"  average  temperature 

difference  of  the  fluids  entering  and 
leaving  the  exchanger  (op) 

We  can  use  Equation  2 to  size  an  exchanger  (i.e.  find  Aq)  if  we 
know  ITo  , and  ATlm  rearranging  Equation  2: 


"1/  o '^LM 


Heat  exchanger  manufacturers  can  be  consulted  for  assistance  in 
sizing  SDHW  system  exchangers  and  often  they  can  provide  sizing 
charts,  graphs,  etc.  to  help  the  designer.  The  designer  can  also  use 
guidelines  and  estimates  for  , and  in  order  to  get  a 

simplified  estimate  of  Aq  for  a given  SDHW  system  application. 


When  applying  guidelines  and  estimates  for  ^ ^ "^LM* 

one  should  adopt  a "conservative"  approach  so  that  the  exchanger  will 


contain  a sufficent  heat  transfer  surface  area  (Aq)  to  satisfy  the 
needs  of  the  SDHW  system  under  different  operating  conditions 
(various  levels  of  solar  radiation,  temperature,  flow  rates,  fluid 
type,  etc.)  A conservative  approach  to  heat  exchanger  sizing  means 
that  we  should  select  the  highest  anticipated  value  for  ^ and  the 

lowest  anticipated  values  for  **T/^  and  A in  order  to  find  kn . 

Following  are  the  guidelines  for  ^ t’XJ'o  "^LM  recommended 

for  simplified  sizing  of  SDHW  system  heat  exchangers.  The  guidelines 
were  developed  from  heat  exchangers.  The  guidelines  were  developed 
from  heat  exchanger  manufacturer's  data  and  sizing  methods. 


Range  50-200 


Btu  delivered  by  solar  collectors 

hr-ft^  of  collector  area 


Range  100-400 


hr-ft^  of  exchanger  - °F 


Btu  transferred 


(For  external,  forced  circulation,  counter— flow 
heat  exchangers) 


Range  20-120 


hr-ft^  of  exchanger  - °F 


Btu  transferred 


(For  internal  coil-in-tank,  integral  tank  wall, 
and  thermosiphon  heat  exchangers 


ar 


Range  10-25  °F 


Now  we  can  use  these  guidelines  to  estimate  the  size  (Aq)  of 
common  SDHW  system  heat  exchangers.  It  is  important  that  the 
designer /installer  follows  the  heat  exchanger  manufacturer's 
recommendations  for  piping,  flow  rates,  fluid  type,  etc.  when  making 
the  final  selection  of  an  exchanger  and  when  installing  the 
exchanger. 


EXAMPLE  1 


Estimate  the  heat  exchanger  surface  area  (Aq)  for  the  internal 
coil-in-tank  exchanger  used  in  Example  1 of  the  "Pump  & Tube  Sizing 
Examples."  Select  conservative  values  for  ^ , Vo.  and  4 Tlm  from 
the  ranges  given  in  the  guidelines  above: 

Assume  - 180  Btu 

^ hr-ft^  of  collector 

IT  o = sto 

br-ft^  of  exchanger  - ®F 

a TlM  = 15<>F 

Therefore  the  estimated  heat  exchanger  area  (Aq)  needed  to 
transfer  the  heat  delivered  by  two  4'  x 8'  flat-plate  collectors  with 

a collector  area  of  64  ft^  is: 

Aq  = 180  (64)  = 19.2  ft2  (or  0.30  ft^  exchanger) 

ft2  collector 


40  (15) 


EXAMPLE  2 


Estimate  the  heat  exchanger  surface  area  (Aq)  for  the  external, 
counter-flow  exchanger  used  in  Example  2 of  the  "Pump  & Tube  Sizing 
Examples,"  Select  conservative  values  for  ^ , IJ'q,  and  A from 
the  ranges  given  in  the  guidelines  above: 

Assume  ^ = 180  x Btu 

^ hr-ft^  of  collector 

V o = 200  X Btu 

hr-ft^  of  exchanger  - °F 


ATlm  = 15°F 

The  estimated  heat  exchanger  area  (Aq)  needed  to  transfer  the 
heat  delivered  by  two  4'  x 8'  flat-plate  collectors  (64  ft^)  is: 


A. 


3.8  ft^  (or  0,06  ft^  exchanger) 
ft^  collector 


180  (64) 

40  (15) 


o 


%) 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  20c  per 
copy,  foratotal  cost  of  $120.00,  which  includes  $120.00  for  printing  and  $.00  for  distribution. 
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COMPARISON  OF 

HEAT  TRANSFER 

FLUIDS 

Distilled 

Property  Water 

60%  Propylene  60%  Ethylene 
Glycol/40%  Glycol/40% 

Water  Mix  Water  Mix 

Brayco  888 
Hydrocarbon 
Oil 

Syltherm  444 
Silicone 

Oil 

Air 

Cost 

Low 

Medium 

Medium 

Medium 

High 

Low 

Color 

Clear 

Amber 

Amber 

Red 

Clear 

Clear 

Toxicity  Low  Medium  (with 

(with  inhibitor)  inhibitor) 

High 

Low 

Low 

Low 

Potential 
for  Leaks 

Low 

Medium 

Medium 

Medium 

High 

High 

Viscosity 

Low 

Medium 

Medium 

High 

High 

Low 

Compatible 

Elastomers 

All 

Butyl,  EPDM 
Viton 

Butyl,  EPDM, 
Viton 

Viton,  Hydrin 
Bunol-N 

, EPDM,  Viton 
Fluorosilicone 

All 

Corrosion 

Potential 

Medium 

High 

High 

Low 

Low 

Low 

Freeze  Point  (°F) 

NA 

NA 

NA 

< - 80 

< - 121 

not 

Does 

freeze 

Four  Point  (®F) 

NA 

NA 

NA 

- 80 

- 121 

NA 

Flash  Point  (°F) 

NA 

214 

(100%  glycol) 

250 

(100%  glycol) 

325 

525 

NA 

Autoignition 
Temperature  °F 

NA 

NA 

NA 

635 

NA 

NA 

Volume  Expansion 

(%/Of) 

0.025 

0,041 

0.035 

0.048 

0.055 

NA 

Thermal  Conduc- 
tivity (Btu/hr- 
ft2-OF/ft) 
at  70OF. 

0.34 

0.23 

0.24 

0.072 

0.082 

0.015 

Density  (Ib/gal) 
at  60OF 

8.33 

8.72 

9.06 

6.68 

7.96 

0.01 

Heat  Capacity 
(Btu/lb-OF 
at  60Of) 

1.0 

0.76 

0.79 

0.53 

0.36 

0.24 

Volumetric  Heat 
Capacity  (Btu/ 
gal-OF) 

8.33 

6.63 

7.16 

3.54 

2.86 

0.002 

Volumetric  Flow 
Rate  Necessary  to 
to  Deliver  Same 
Heat  (Relative  to 

1.04 

1.26 

1.16 

2.35 

2.91 

4165.00 

Water) 


m 


Mw.  Rt  9MM 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  20<i:  per 
copy,  for  a total  cost  of  $120.00,  which  includes  $120.00  for  printing  and  $.00  for  distribution. 
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PRODUCTS^ 


Bray co^  888  Solar  Collector 
Heat  Transfer  Fluids 


Design  in  Brayco®  Solar  Collector  Heat  Trdni 
They  offer  you  the  ideal  combination  of  benefits' 
high  specific  heat,  long  service  life, 
freeze-proof  non-corrosive,  low  cost  and  more. 


SYNTHESIZED 

HYDROCARBONS 

The  Bray  Products  Division  of 
Burmah-Castrol  Inc.  — a proven 
leader  in  synthetic  lubricants  for  the 
military  and  aerospace  — has 
developed  a series  of  fluids  for  the 
solar  energy  field. 

These  are  the  Brayco®  888  Solar 
Collector  Heat  If ansfer  Huids  — 
based  on  synthetic  hydrocarbon 
technology,  and  produced  by  a 
proprietary  chemical  process. 


DEVELOPMENTAL 

CONSIDERATIONS 

The  advent  of  new  high-perform- 
ance solar  collectors  put  increased 
demands  on  the  collector  fluid.  It 
became  obvious  what  was  needed 
was  a superior  heat  transfer  fluid  that 
met  these  five  requirements: 

• Universally  av^able 

• Moderately  priced 

• Incorporate  all  the  qualities  of  the 

best  solar  collector  fluids 

• Require  minimal  retrofif  of  seals 

and  hoses  in  old  systems 

• Offer  a long  service  life 

The  first  consideration  was  then  to 
develop  a fluid  that  could  withstand 
high  stagnation  temperatures  and 
also  be  freeze-proof.  The  second 
consideration  was  to  develop  a fluid 
which  offered  high  specific  heat  and 
a long  service  life  that  would  out- 
perform water/ glycol  mixtures, 
mineral  oils  and  silicones.  The  third 
consideration  was  to  manufacture  a 
synthehc  fluid  that  would  meet 
ASTM,  SEIA,  lAPMO,  HUD,  DOE, 
EUROPEAN,  ISRAELI  and  aU  other 
world  standards.  The  fourth 
consideration  was  to  manufacture 
this  fluid  to  be  competihvely  priced 
with  conventional  fluids  and  lower  in 
cost  than  silicone,  glycol  and  aU  other 
synthetic  fluids. 

AU  these  considerations  were 
realized  with  added  benefits  of  being 
non-corrosive,  non-toxic,  bio-degrad- 
able  and  engineered  to  perform  for 
extended  periods  of  time  without 
fluid  replacement. 


BRAYCO®  888  FLUIDS 
ARE  THE  RESULT 

Brayco  888  Solar  Collector  Heat 
Transfer  Huids  demonstrate  long 
service  life,  non-corrosivity  and  high 
stagnation,  temperature  resistance  — 
as  shown  by  actual  field  performance 
and  the  corrosion  and  oxidation  test 
specimens  and  sludge  filter  test 
results  on  the  following  page.  Brayco 
fluids  were  compared  with  several 
other  fluids  used  throughout  the 
world  and  it  was  determined  that 
Brayco  Solar  Collector  Heat  Transfer 
Huids  last  longer  and  protect  your 
system  better. 

PRODUCT  DESCRIPTION 

Brayco  888  and  Brayco  888HF  Solar 
Collector  Heat  Transfer  Huids  are 
synthetic  hydrocarbons  derived  from 
petroleum  raw  materials.  Both 
Brayco  888  and  888HF  contain  a new 
proprietary  additive  package 
developed  especiaUy  for  this  type  of 
synthetic  hydrocarbon  base  stock. 

Because  these  fluids  are  produced 
by  chemical  synthesis,  they  offer 
many  advantages  over  convenhonal 
mineral  oils,  glycol,  silicone  and 
other  synthetic  fluids  used  in 
solar  collectors. 

These  advantages  are: 

High  Specific  Heat 

Although  lower  than  glycol-water 
mixtures,  Brayco  is  higher  than  other 
synthetic  hydrocarbons,  and  almost 
twice  as  high  as  the  very  expensive 
silicone  fluids. 

High  Boiling  Point 

The  initial  boiling  point  is  typically 
40  °F  higher  than  other  synthetic 
hydrocarbons  and  glycol  type  fluids. 

High  Flash  Point 

Hash  point  is  40  °F  above  typical 
mineral,  synthetic,  and  glycol  solar 
collection  fluids.  The  flash  point  for 
Brayco  888HF  is  440  °F. 

Freeze  Proof 

Brayco  888  and  888HF  have  pour 
points  below  — 80  °F  for  safe 
operation  and  excellent  pumpability 
in  cold  climates  without  draindown. 


Long  Service  Life 

With  Brayco  fluids  you  can  expect 
ten  years  of  normal  operation  in  your 
solar  collector  system  without  fluid 
replacement.  We  guarantee  it.  Refer 
to  the  Brayco  888  limited  warranty  on 
back  page. 

Fully  Synthetic 

Every  component  used  in  process- 
ing the  Brayco  fluids  is  synthetic.  TTie 
resulting  fluid  is  highly  controlled 
and  highly  stable. 

Cost-Effectiveness  and  Lower  Cost 

The  cost-effectiveness  of  any 
operating  solar  system  is  the  sum  of 
its  initial  installed  cost,  the  cost  of 
maintaining  the  system  during  its 
effective  lifetime,  and  the  cost  of 
failure  caused  by  down  time. 

Brayco  fluids  demonstrate  their 
cost  effectiveness  by  being  lower  in 
initial  cost,  higher  in  specific  heat, 
longer  lasting,  requiring  less  main- 
tenance, exhibiting  no  corrosion  or 
fluid  breakdown  at  operating 
temperature,  maintaining  lower 
viscosity,  and  having  lower  freezing 
points  than  mineral  oils,  glycols,  and 
most  other  synthetic  fluids. 

Non-Corrosive 

Brayco  888  fluids  have  proven  they 
help  prevent  corrosion  problems, 
particularly  those  resulting  from 
prolonged  stagnations. 

Non-Toxic 

Laboratory  tests  show  that  both 
Brayco  888  and  888  HF  have  an  oral 
toxicity  LDjo  rating  in  excess  of 
40  ml/kg,  a Gosselin  Rating  of  1. 

Both  fluids  are  non-irritants  to  the 
eyes  and  skin,  based  on  Consumer 
Product  Safety  Commission 
definition  CFR 16,  SS1500.3.  In 
addition,  both  fluids  are  100% 
biodegradable  and  safe  to  operating 
and  handle. 

Normal  Operating  Temperature 
Range 

Brayco  888*  is  designed  to  operate 
within  the  range  of  approximately 
- 65  °F  to  325  °F  and  Brayco  888HF 
over  the  range  of  - 30  °F  to  400  °F. 

Actual  operating  temperature  is  a 
function  of  system  design. 


‘Stagnation  temperature.  Brief  periods  of  stagnation  — such  as  occurs  during  system  malfunction  or  vacation  shutdown 
and  450°F  for  Brayco  888HF  for  an  inert  system. 


to  400  °F  using  Brayco  888 


Member  Burmah  Group 
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Corrosion/  Oxidation 
Test  Results 


Corrosion  and  Oxidation 
Test  Specimens 

Federal  Test  Method  791 B-5308  275°F  for  168 
hours,  100  nql,  fluid  with  immersed  metal 
specimens  air  blown  at  5 liters/hour. 


Comparison  to  typically  recognized  competitive  products 
sold  as  Solar  Collector  Heat  Transfer  Fluids. 

O 


Average  Metal  Weight  Loss,  mg/cm= 


A) 

Control  Metals 

B) 

Brayco®  888 

0,012 

C) 

Brayco®  888HF 

0,000 

D) 

Synthetic  Hydrocarbon  ME-1 

0.128 

E) 

Synthetic  Hydrocarbon  ME-2 

0.323 

F) 

Silicone  Oil 

0.004 

G) 

Propylene  Glycol 

0.288 

H) 

Synthetic  Hydrocarbon  U-1 

0.018 

1 ) 

Modified  Terphenyl 

0.190 

J ) 

Non-aqueous  Fluid 

0.030 

Corrosion  Test  Filter 

Insolubles,  10  micron  filter 


Sludge, mg.  per  100  ml. 


B) 

Brayco®  888 

0.00 

C) 

Bracyo®  888HF 

0.00 

D) 

Synthetic  Hydrocarbon  ME-1 

2.00 

E) 

Synthetic  Hydrocarbon  ME-2 

7.3 

F ) 

Silicone  Oil 

0.00 

G) 

Propylene  Glycol 

0.25 

H) 

Synthetic  Hydrocarbon  U-1 

2.0 

1 ) 

Modified  Terphenyl 

9.1 

J ) 

Non-aqueous  Fluid 

4.3 

Corrosion  and  Oxidation  Test  Results 


Solar  Collector 

Heat  Transfer 

Fluids 

Brayco®  888 
Synthetic 
Hydrocarbon 

Brayco®  888HF 
Synthetic 
Hydrocarbon 

Synthetic 

Hydrocarbon 

ME-1 

Synthetic 

Hydrocarbon 

ME-2 

Silicone 

Oil 

Propylene 

Glycol 

Synthetic 

Hydrocarbon 

U-1 

Modified 

Terphenyl 

Non-aqueous 

Fluid 

Viscosity  change 
(a)  100“F 

+2.6 

-H.1 

+ 236.6 

+ 200.0 

+ 0,7 

+48.0 

+ 3.1 

+ 172.6 

+ 9.6 

Total  acid  no. 

change 
(Mg  KOH/gm) 

0.03 

0,06 

8.87 

6.94 

0.06 

. 2,49 

0.03 

4.43 

0.56 

Sludge  (Mg/IOOmI; 

10  micron  filter) 

0.0 

0.0 

2.0 

7.3 

0.0 

0.25 

2.0 

9.1 

4.3 

Metals,  weight 
change 

Cu 

+ 0.016 

•f  0.024 

—0.176 

—0.336 

+ 0.008 

+ 0.096 

—0.040 

—0.216 

+ 0.008 

St 

+ 0.016 

0.000 

—0.064 

—0.272 

—0,008 

+0.032 

—0.008 

+0.752 

—0.032 

Al 

—0.016 

0.000 

—0.008 

+ 0.024 

0.000 

+0.104 

—0.008 

—0.008 

—0.016 

Mg 

0.000 

0.000 

+ 0.184 

+ 0.472 

0.000 

—0.112 

0.000 

—0.528 

—0.008 

Cd 

—0.008 

+0,008 

—0.624 

•^0.360 

—0.008 

—0.464 

—0.016 

■ —0.008 

—0.064 

GENERAL  CONCLUSION 
CORROSION  AND 
OXIDATION  TEST 

The  corrosion  and  oxidation  test  is 
an  accelerated  test  which 
demonstrates  1)  the  long  term 
corrosion  effects  on  the  internal 
surfaces  of  the  metals  used  in  the 
solar  system  and  2)  the  life 


expectancy  of  the  heat  transfer  fluid 
being  used. 

The  test  results  show  that  Brayco 
888  and  888HF  Solar  Collector  Heat 
Transfer  Huids  did  not  corrode  the 
metals  and  did  retain  their  original 
properties  at  the  end  of  the  test.  Most 
of  the  other  fluids  tested 


showed  both  corrosion  to  metals  and 
drastic  changes  in  their  original 
properties.  They  chemically  broke 
down  under  the  test  and  would 
require  replacement  if  originally 
installed  in  a solar  collector  system. 
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Fluid  Comparative  Chart 


Bray 

PRODUCTS 


Normal 

Operating 

Temperatures 


< 


— 65°F 
to 

325  °F 


-30°F 

to 

400  °F 


N/A 


N/A 


-50  °F 
to 

400°F 


0°F 

to 

300°F 


to 

450°F 


to 

650°F 


Solar  Collector 

Brayco®  888 

Brayco®  888HF 

Synthetic 

Synthetic 

Synthetic 

Modified 

Non-aqueous 

Heat  Transfer 

ASTM 

Synthetic 

Synthetic 

Hydrocarbon 

Hydrocarbon 

Silicone 

Propylene 

Hydrocarbon 

Fluids 

Method 

Hydrocarbon 

Hydrocarbon 

ME-1 

ME-2 

Oil 

Glycol 

U-1 

Terphenyl 

API  Gravity  ® 60°F 

D287 

45,0 

40.2 

38.0 

38.6 

16.5 

4,1 

36.2 

8,5 

24.8 

D287,  Table  3 

805 

,825 

.835 

.815 

.946 

1.03 

.837 

.900 

Specific  Gravity 

(eo-F) 

(60°F) 

{100®F) 

(100°F) 

(77°!=) 

(BO^F) 

(68-F) 

(72  °F) 

Pounds  Per  Gallon 
@ 60°F 

D287,Table8 

6.675 

6.862 

6.951 

6.926 

7,962 

8.691 

7.026 

8.418 

7.539 

Flash  Point,  °f 

D92 

325 

440 

300 

285 

525 

230 

550 

365 

360 

Fire  Point,  ®F 

D92 

350 

480 

315 

305 

590 

240 

595 

395 

370 

Specific  Heat 

D2766 

^,55 

^.55 

^.55 

^.55 

=^,37 

=^.70 

^.55 

- 

- 

0°F 

.50 

,50 

— 

— 

— 

— 

50°F 

.52 

.52 

- 

~ 

— 

— 

— 

— 

75°F 

.54 

.54 

— 

— 

— 

— 

— 

— 

— 

100°F 

.55 

,55 

.57 

.53 

- 

^ 38 

=^.56 

150°F 

.58 

,58 

- 

- 

.40 

— 

— 

— 

200  °F 

.60 

,60 

— 

— 

— 

— 

— 

250°F 

.62 

,62 

— 

— 

— 

— 

— 

— 

— 

300°F 

.65 

.65 

- 

- 

- 

— 

— 

.48 

— 

Viscosity,  cs 

D445 

' 

Solid 

-65°F 

1308 

80000 

Solid 

Solid 

220 

Too  Viscous 

Solid 

Solid 

-40 ‘•F 

295 

8500 

51064 

15005 

116.7 

14879 

1 1 7490 

Solid 

Too  Viscous 

- 10°F 

100 

620 

2700 

1600 

65 

1500 

12000 

80000 

2500 

0°F 

56.5 

443 

1870 

825 

55.8 

861 

6894 

22945 

1393 

100°F 

5.67 

21.92 

27.45 

20.49 

16.51 

16.95 

124.3 

30.0 

21,26 

210°F 

1.8 

4.42 

4,46 

3.85 

6.87 

2.30 

14,55 

3.51 

3.61 

Viscosity  Index 

D2270 

92 

124 

68 

79 

388 

< 0 

128 

<0 

23 

Boiling  Point,  °F 

_ 

550 

680 

560 

575 

- 

218 

- 

643 

671 

Color 

— 

Red 

Red 

Green 

Amber 

Clear 

Straw 

Clear 

Clear 

Red 

Pour  Point,  °F 

D97 

-80 

<-90 

-25 

-60 

-121 

-50 

-50 

-15 

-30 

Freezing  Point,  °F 

_ 

A 

CD 

0 

<-90 

-40 

-40 

<-100 

-30 

-50 

-18 

-40 

Acid  No. 

D974 

0.00 

0.00 

0.37 

0,28 

0.00 

0.76 

0.06 

0,00 

0.03 

mg  KOH/gm 

Cu  Strip 

D130 

la 

1a 

la 

la 

la 

la 

la 

la 

la 

H2O  KFR,  PPM 

D1744 

8 

17 

206 

91 

139 

- 

124 

95 

52 

Foam 

1 

D892 

0/0 

0/0 

380/0 

90/0 

0/0 

0/0 

620/140 

50/0 

320/0 

2 

0/0 

0/0 

30/10 

20/10 

10/0 

0/0 

50/0 

20/0 

30/0 

3 

0/0 

0/0 

310/0 

80/0 

0/0 

0/0 

380/20 

220/0 

270/0 

Rubber  Swell, 

FTM 3603" 

9.7 

3,2 

10.1 

10.1 

_ 

_ 

— 

— 

— 

"L”.  % 

Evaporation  loss, 

22  hours  @ 

D972 

4,6 

0,6 

15.8 

14.8 

0,03 

0,8 

0.02 

- 

- 

210®F,  0/0 

Toxicity 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Draize  Index 

0 

0 

— 

— 

— 

Irritation  Index 

- 

0 

0 

— 

— 

— 

— 

Oral  L.D.  50, 

1 

1 

1 

1 

Gosselin  rating 

Aiitoignition 

E659 

635 

730 





705 

824 

Temp-,®F 

Thermal  Expansion 
Characteristics 

48x10“''’ 

4.8x10““' 

0 033%/°F 

0 033%/°E 

0,053%/°F 

— 

0.0007“/oc°C 

0 07%/°F 

4.0x10““' 

@ 60®F 

Thermal  Conduct- 

ivity,  @ 300  °F 
BTU/hr.  (ft.) 

("F/ft.) 

— 

0,0732 

0.0732 

0.0700 

0.0700 

0.0720 

0.0710 

0,0670 

N/A 


NOTE  Most  ofthe  tests  were  run  by  Bray  Products,  with  results  shown  being  the  actual  values  reported- Values  from  tests  not  run  by  Bray  were  taken  from  the  manufacturer's  product  literature. 
Omitted  values  indicate  information  not  found  in  available  litero+'  -r- 
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Application  Story 
in  The  Capitol 


Brayco®  888  was  chosen  over  many  other  heat 
transfer  fluids  for  the  Fort  Lincoln  Senior  Village 
in  Washington,  D.C.  (above  and  right). 


PRODUCT  APPLICATION 

All  over  the  world,  Brayco  888  and 
888HF  Solar  Collector  Heat  Transfer 
Fluids  are  being  used  in  closed  loop 
active  solar  collector  systems  for 
residential,  industrial,  and  insti- 
tutional applications. 

For  example,  Brayco  888  is  being 
used  as  the  heat  transfer  medium  for 
a huge  domestic  hot  water  solar 
system  in  Washington,  D.C. 

Fort  Lincoln  Senior  Village  uses 
Brayco  888  in  their  10  story,  188 
dwelling  building.  Built  in  1977  by 
Forest  City  Dillon,  Inc.,  this  is 
believed  to  be  the  first  and  largest 
solar  collection  system  in  the  Capitol. 

The  Fort  Lincoln  system  supplies 
65%  of  the  annual  energy  consump- 
tion associated  with  heating  domestic 
hot  water,  including  water  for  a clinic 
and  large  kitchen-cafeteria. 


The  system  has  over  2,500  square 
feet  of  panels  on  the  roof  of  the 
building.  The  pump,  heat  exchanger, 
piping,  valving,  and  automatic 
controls  are  aU  conventional  equip- 
ment. Hot  water  is  stored  in  an 
insulated  tank  with  a holding 
capacity  of  3,200  gallons. 

Selection  criteria  for  the  Fort 
Lincoln  complex  were  stringent.  The 
fluid  specified  would  have  to  with- 
stand severe  climatic  changes  — 
from  winter  freezing  to  summer 
stagnation  temperatures.  The  fluid 
would  also  have  to  be  non-corrosive 
to  metals,  non-toxic,  compatible  with 
construction  materials,  and  have  a 
long  service  life. 

The  table  below  represents  the 
study  that  was  performed  to  select  a 
fluid  that  met  all  requirements. 
Brayco  888  was  tested  along  with 
water,  ethylene  glycol,  propylene 


glycol,  silicone,  and  paraffinic- 
based  oils. 

Brayco  was  selected  because 
Brayco  888  met  the  stringent 
conditions. 

Today,  the  Fort  Lincoln  Senior 
Village  is  realizing  substantial 
economies  in  fuel  costs  for  heating 
water  and  the  solar  system  is 
performing  year  round  without 
any  problems. 

In  over  six  years  of  operation,  no 
maintenance  has  been  required  and 
there  has  been  no  change  in  the 
fluid's  original  properties. 

This  application  story  again 
emphasizes  that  Brayco  fluids  will 
retain  their  superior  heat  transferring 
properties  for  years  and  years  — 
even  in  the  most  demanding  of 
environments. 


Fort  Lincoln  Senior  Village  Solar  Collector  Fluid  Selection  Criteria 


Solar  Collector 

Heat  Transfer 
Fluids 

Brayco® 

888 

Brayco® 

888HF 

Water 

Ethylene 

Glycol/Water 

Propylene 

Glycol/Water 

Silicone 

Aromatic 
Mineral  Oil 

Naphthenic 
Mineral  Oil 

Paraffinic 
Mineral  Oil 

Specific  Heat 

.55 

.55 

1.0 

.70 

.70 

.37 

,45 

.45 

.45 

Freezing  Point 

— 80°F 

— 80“F 

32“F 

— 50“F 

— 50°F 

— ao^F 

— eo^F 

— 70‘’F 

+ 15°F 

High  Temperature 
Oxidation 

excellent 

excellent 

NA 

very  poor 

very  poor 

very  good 

very  poor 

fair 

good 

Toxicity 

low 

low 

none 

high 

low 

low 

medium 

low 

low 

High  Temperature 
Compatibility 
with  Cu,  AI 

excellent 

excellent 

fair 

poor 

very  poor 

good 

fair 

fair 

good 

Corrosion 

none 

none 

poor 

poor 

poor 

low 

low 

low 

low 

Flash  Point 

medium 

high 

NA 

low 

low 

high 

low  to 
medium 

low  to 
medium 

medium 

Attack  of 

Asphalt  Shingles 

low 

low 

none 

none 

none 

low 

high 

medium 

low 

Cost 

medium 

medium 

very 

low 

medium 

medium 

very  high 

low 

low 

low 
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System  Design 
Engineering  Data 


Btay 


The  following  graphs  and 
illustrations  are  provided  for  solar 
system  design  purposes  when  using 
BRAYCO  888  Solar  Collector  Heat 
Transfer  Huid.  Any  additional 
engineering  information  which  is 
not  included  can  be  provided 
upon  request. 

ELASTOMER  COMPATABILITY 

Solar  systems  which  require 
elastomers  such  as  “O"  rings  in 
pumps,  bladders  in  expansion  tanks, 
seals  in  valves,  etc.,  should  be 
evaluated  as  to  the  elastomer 
material  which  they  contain. 


BRAYCO  888  and  888HF  are 
hydrocarbon  type  fluids  and  will 
affect  certain  types  of  elastomer 
materials.  We  suggest  that  aU 
elastomers  in  system  components 
be  compatible  with  hydrocarbon 
type  fluids. 

Some  examples  of  compatible 
elastomers  are  VTTON,  HYDRIN, 
NITRILE,  NEOPRENE,  various 
types  of  BUNA-N  COMPOUNDS, 
and  ELUORO-SILICONE.  Any 
uncertainties  concerning  elastomer 
compatability  should  be  discussed 
with  the  Bray  Products  Marketing 
Department. 


For  more  information  about  Brayco 
Solar  Collector  Heat  Transfer  Fluids 

Contact  Bray  Products  Division  to 
learn  how  you  can  enjoy  the  many 
advantages  Brayco  888  and  Brayco 
888HF  offer  over  conventional 
mineral  oils,  glycols,  silicones,  and 
other  synthetic  fluids. 

Remember,  once  you  put  Brayco  Tn 
your  systems,  you'll  never  have  to  be 
concerned  about  fluid  replacement 
again  — guaranteed! 


Brayco®  888,  888HF  Viscosity  vs  Temperature 
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Head  Loss 


Head  Loss 


Head  Loss 


o 


0 2 4 6 8 10  12  14 

Flow,  GPM 


0.1 1 ! I 1 I I I L 

0 2 4 6 8 10  12  14 


Flow,  GPM 


Competitive  Head  Loss  Legend. 

D)  Synthetic  Hydrocarbon  ME-1 

E ) Synthetic  Hydrocarbon  ME-2 

F ) Silicone  Oil 
K)  Mineral  Oil 


Brayco®  888  Pressure  Drop 


Temperature  Correction 
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Bray 


Brayco*'  888  Density 


Equivalent  Length.  Fittings 


200 

Temperature,  °F. 


Typical  Solar  Heat  Transfer  Fluid  applications.  , 

Photos  courtesy  of  Novan  Energy  Inc.  gS  Group 


Pipe  Fittings 

Feet  Added 
to  System 
(approx.) 

Check  Valve 

25 

HbowfSO'’)  ■ 

2 :.-.S 

Gate  Valve 

2 

' ■ Globe  Valve-  ' . ..  ■ ■ . . 

60  i 

Plug  Cook 

6 - 

Reducer 

y-- ■ 

i.l  ' Swage  . - " “ . ’ ■ 

:z_:\ 

'Tee'  ■ — w ■ . 

Tee-  _1_  . 

9 ' 

Tee  - 

12 

Vessel  Inlet 

- 8 . 

m 

Vessel  Outlet 

■4  ■ ■ 

For  Changes  in  Elevation 

'^'^Total  = '^^Pipe  Friction  + ^^Rttings  + '^^Elevation 
APpsi  — APpeet  x Specific  Gravity  (Density,  GMS/cc) 

2.31 
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Glossary  of  Solar  Terms 


A 


ABSORBENT  The  less  volatile  of  the 
two  working  fluids  used  in  an 
absorption  cooling  device. 

ABSORBER  The  blackened  surface 
in  a solar  collector  that  absorbs  the 
solar  radiation  and  converts  it  to  heat 
energy. 

ACID  NUMBER  The  specific  quan- 
tity of  KOH  (potassium  Hydroxide) 
required  to  counter  balance  the  acid 
characteristics  of  a fluid  sample. 
Though  acidity  is  not,  of  itself, 
necessarily  harmful,  an  increase  in 
acidity  may  be  indicative  of  fluid 
deterioration. 

ACTIVE  SYSTEM  A solar  heating  or 
cooling  system  that  requires  external 
mechanical  power  to  move  the 
collected  heat. 

AIR-TYPE  COLLECTOR  A solar 
collector  that  uses  air  as  the  heat 
transfer  fluid. 

API  GRAVITY  Weight  per-unit- 
volume  relationship.  Specific  gravity 
is  expressed  as  the  ratio  of  the  weight 
of  a volume  of  fluid  at  a designated 
temperature,  to  the  weight  of  an 
equal  volume  of  water  also  at  a desig- 
nated temperature.  The  designated 
temperature  is  often  60°F  (15°C) 
in  both  cases.  The  higher  the  specific 
gravity,  the  heavier  the  material. 

AUTOIGNITION  TEMPERATURE 

The  minimum  temperature  at  which 
a combustible  fluid  will  burst  into 
flame  without  an  extraneous  ignition 
source. 

AUXILIARY  HEAT  The  extra  heat 
provided  by  a conventional  heating 
system  for  periods  of  cloudiness  or 
intense  cold,  when  a solar  heating 
system  cannot  provide  enough. 


B 


BTU,  OR  BRITISH  THERMAL 
UNIT  The  quantity  of  heat  needed 
to  raise  the  temperature  of  1 pound 
of  water  1°F. 


C 


£ 


COEFFICIENT  OF  THERMAL 
EXPANSION  The  amount  of 
expansion  of  a fluid  caused  by  an 
increase  in  temperature  of  1°F. 

COLLECTOR  Any  of  a wide  variety 
of  devices  (flat-plate,  concentrating, 
vacuum  tube,  greenhouse,  etc.)  used 
to  collect  solar  energy  and  convert  it 
to  heat. 

COLLECTOR  EFFICIENCY  The 

ratio  of  heat  energy  extracted  from  a 
collector  to  the  quantity  of  solar 
energy  striking  the  cover,  expressed 
in  percent. 

CONCENTRATING  COLLECTOR 

A device  that  uses  reflective  surfaces 
to  concentrate  the  sun's  rays  onto  a 
small  area,  where  they  are  absorbed 
and  converted  to  heat  energy. 

CONDUCTION  The  transfer  of 
heat  energy  through  a material  by 
the  motion  of  adjacent  atoms  and 
molecules. 

CONVECTION  The  transfer  of  heat 
energy  from  one  location  to  another 
by  the  motion  of  fluids  that  carry  the 
heat. 

COVER  PLATE  A sheet  of  glass  or 
transparent  plastic  that  sits  above  the 
absorber  in  a flat-plate  collector. 


D 


DIFFUSE  RADIATION  Sunlight  that 
is  scattered  from  air  molecules,  dust, 
and  water  vapor  and  comes  from  the 
entire  sky  vault. 

DIRECT  METHODS  Techniques  of 
solar  heating  in  which  sunlight  enters 
a house  through  the  windows  and  is 
absorbed  inside. 

DIRECT  RADIATION  Solar  radia- 
tion that  comes  straight  from  the 
sun,  casting  shadows  on  a clear  day. 

DOUBLE-GLAZED  Covered  by  two 
panes  of  glass  or  other  transparent 
material. 


EUTECTIC  SALTS  A group  of 
materials  that  melt  at  low  tempera- 
tures, absorbing  large  quantities  of 
heat  and  then,  as  they  re-crystallize, 
release  that  heat.  One  method  used 
for  storing  solar  energy  as  heat. 

EVAPORATION  LOSS  A value 
which  indicates  the  amount  of  evapo- 
ration loss  of  a fluid  after  it  has  been 
subjected  to  210°F  for  22  hours  in  an 
evaporation  cell  (the  evaporation  loss 
is  calculated  from  the  loss  in  weight 
of  the  sample). 


f 


FIRE  POINT  The  lowest  tempera- 
ture at  which  a combustible  fluid, 
under  specified  conditions,  vaporizes 
sufficiently  rapidly  to  form  an  air 
vapor  mixture  above  its  surface  and  ^ 
which  burns  continuously  when  1 
ignited  by  a small  flame. 

FLASH  POINT  The  lowest  tempera- 
ture at  which  vapors  arising  from  the 
oil  will  ignite  momentarily,  i.e.  flash 
on  application  of  a flame  (ignition 
source)  under  special  conditions. 

FLAT-PLATE  COLLECTOR  A solar 
collection  device  in  which  sunlight  is 
converted  to  heat  on  a plane  surface, 
usually  made  of  metal  or  plastic.  A 
heat  transfer  fluid  is  circulated 
through  the  collector  to  transport 
heat  to  be  used  directly  or  to  be 
stored. 

FORCED  CONVECTION  The  trans- 
fer of  heat  by  the  flow  of  warm  fluids, 
driven  by  fans,  blowers,  or  pumps. 


H 


HEADER  The  pipe  that  runs  across 
the  top  (or  bottom)  of  an  absorber 
plate,  gathering  (or  distributing)  the 
heat  transfer  fluid  from  (or  to)  the 
grid  of  pipes  that  runs  across  the 
absorber  surface. 
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HEAT  EXCHANGER  A device,  such 
as  a coiled  copper  tube  immersed  in  a 
tank  of  water,  that  is  used  to  transfer 
heat  from  one  fluid  to  another 
through  an  intervening  meta!  surface. 

HEAT  PUMP  A mechanical  device 
that  transfers  heat  from  one  medium 
(called  the  heat  source)  to  another 
(the  heat  sink),  thereby  cooling  the 
first  and  warming  the  second. 

HEAT  SINK  A medium  or  container 
to  which  heat  flows  (see  heat  pump). 

HEAT  STORAGE  Ad  evice  or 
medium  that  absorbs  collected  solar 
heat  and  stores  it  for  periods  of 
inclement  or  cold  weather. 


] 


INDIRECT  SYSTEM  A solar  heating 
or  cooling  system  in  which  the  solar 
heat  is  collected  outside  the  building 
and  transferred  inside  using  ducts  or 
piping  and,  usually,  fans  or  pumps. 

INSOLATION  The  total  amount  of 
solar  radiation  — direct,  diffuse  and 
reflected  — striking  a surface  exposed 
to  the  sky. 

INSULATION  A material  with  high 
resistance  or  R-value  that  is  used  to 
retard  heat  flow. 

INTEGRATED  SYSTEM  A solar 
heating  or  cooling  system  in  which 
the  solar  heat  is  absorbed  in  the  walls 
or  roof  of  a dwelling  and  flows  to  the 
rooms  without  the  aid  of  complex 
piping  or  ducts. 


L 


LIFE-CYCLE  COSTING  An  estimat- 
ing method  in  which  the  long-term 
costs  such  as  energy  consumption, 
maintenance,  and  repair  can  be 
included  in  the  comparison  of  several 
system  alternatives. 

LIQUID-TYPE  COLLECTOR 
A collector  with  a liquid  as  the  heat 
transfer  fluid. 


N 


NOCTURNAL  COOLING  The  cool- 
ing of  a building  or  heat  storage 
device  by  the  radiation  of  excess  heat 
into  the  night  sky. 


P 


PASSIVE  SYSTEM  A solar  heating 
or  cooling  system  that  uses  no 
external  mechanical  power  to  move 
the  collected  solar  heat. 

PERCENTAGE  OF  POSSIBLE 
SUNSHINE  The  percentage  of 
daytime  hours  during  which  there  is 
enough  direct  solar  radiation  to  cast  a 
shadow. 

PHOTOVOLTAIC  CELLS  Semi- 
conductor devices  that  convert  solar 
energy  into  electricity. 

POUR  POINT  The  lowest  tem- 
perature at  which  a fluid  will  flow. 


R 


RADIANT  PANELS  Panels  with 
integral  passages  for  the  flow  of 
warm  fluids,  either  air  or  liquids. 

Heat  from  the  fluid  is  conducted 
through  the  metal  and  transferred  to 
the  rooms  by  thermal  radiation. 

REFRIGERANT  A liquid  such  as 
-FREON  that  is  used  in  cooling 
devices  to  absorb  heat  from  surround- 
ing air  or  liquids  as  it  evaporates. 

RETROFITTING  The  application  of 
a solar  heating  or  cooling  system  to 
an  existing  building. 

RISERS  The  flow  channels  or  pipes 
that  distribute  the  heat  transfer  liquid 
across  the  face  of  an  absorber. 


S 


SELECTIVE  SURFACE  An  absorber 
coating  that  absorbs  most  of  the 
sunlight  hitting  it  but  emits  very  little 
thermal  radiation. 

SPECIFIC  HEAT  Water  has  been 
established  at  1.000,  which  is  used  to 


arrive  at  the  specific  heat  of  liquids.  It 
is  the  ratio  of  heat  contained  in  one 
pound  of  liquid  to  the  heat  contained 
in  one  pound  of  water.  For  example, 
Silicone  type  liquids  have  a specific 
heat  of  about  0.350  because  they 
absorb  and  retain  only  about  1/3  as 
many  units  of  heat  as  water. 


T 


THERMAL  CAPACITY  The  quan- 
tity of  heat  needed  to  warm  a collec- 
tor up  to  its  operating  temperature. 

THERMAL  RADIATION 

Electromagnetic  radiation  emitted  by 
a warm  body. 

TILT  ANGLE  The  angle  that  a flat 
collector  surface  forms  with  the 
horizontal. 

TRICKLE-TYPE  COLLECTOR 

A collector  in  which  the  heat  transfer 
liquid  flows  down  open  channels  in 
the  front  face  of  the  absorber. 

TUBE-IN-PLATE  ABSORBER 

An  aluminum  or  copper  sheet  metal 
absorber  plate  in  which  the  heat 
transfer  fluid  flows  through  passages 
formed  in  the  plate  itself. 

TUBE-TYPE  COLLECTOR 

A collector  in  which  the  heat  transfer 
liquid  flows  through  metal  tubes  that 
are  wired,  soldered,  or  clamped  to  the 
absorber  plate. 


U 


UNGLAZED  COLLECTOR  A collec- 
tor with  no  transparent  cover  plate. 


V 


VISCOSITY  A measure  of  the  resist- 
ance of  a fluid  to  a continuous  flow. 
From  the  standpoint  of  application,  it 
is  the  most  important  property  of 
fluid  because  it  measures  the  change 
in  body  these  fluids  undergo  due  to  a 
change  in  temperature.  For  example, 
most  fluids  become  more  viscous  or 
resist  flow  when  cooled  down  and 
become  less  viscous  or  flow  easier 
when  heated. 
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Burmah-Castrol  Inc. 
Bray  Products  Division 
2698  White  Road 
Irvine,  CA  92714 
(714)  660-9414 


Brayco  Limited  Warranty 


IftheBrayco®  888  Solar  Collector  Heat  Transfer  Fluids  freeze,  boil, 
breakdown  or  corrode  during  the  first  four  years  after  installation,  Bray 
Products  Division  of  Burmah-Castrol  Inc.  herein  called  Bray  Products 
will  replace  the  fluid  free  of  charge.  During  the  next  six  years,  Bray 
Products  will  replace  the  fluid  upon  payments  of  a charge  calculated 
upon  the  retail  price  of  the  fluid  at  the  time  of  replacement  and  the 
number  of  years  the  fluid  has  been  installed.  This  warranty  is  based  on 
determination  of  fluid  characteristics  by  federal  testing  method  No. 
791 B-5308.  The  warranty  does  not  apply  to  conditions  which  result 
from  improperly  installed  fluid,  failure  to  provide  reasonable  main- 
tenance, misuse,  negligence,  contamination,  or  use  beyond  recom- 
mended operating  and  stagnation  temperature  ranges. 
LIMITATIONS 

it  is  expressly  agreed  that  the  duration  of  this  limited  warranty  is  ten 
years  and  that  all  implied  warranties,  whether  of  fitness  for  a particular 
purpose  or  of  merchantability,  shall  also  be  limited  to  ten  years,  SOME 
STATES  DO  NOT  ALLOW  LIMITATIONS  ON  HOW  LONG  AN  IM- 
PLIED WARRANTY  IO\STS,  SO  THE  ABOVE  LIMITATION  MAY  NOT 
APPLY  TO  YOU. 


It  is  also  expressly  agreed  that  Bray  Products  exclusive  obligation 
under  this  limited  warranty  and  under  any  implied  warranties,  whether 
of  fitness  for  a particular  purpose  or  of  merchantability,  shall  be  the 
replacement  as  stated  above  of  Brayco  888  or  888HF  Solar  Collector 
Heat  Transfer  Fluid  and  that  buyer's  exclusive  remedy  under  this 
limited  warranty  and  any  implied  warranties,  whether  of  fitness  for  a 
particular  purpose  or  of  merchantability,  shall  be  the  right  to  receive 
such  replacement  fluid. 

It  is  further  expressly  agreed  that  Bray  Products  will  have  no 
obligation  under  this  limited  warranty  or  under  any  implied  warranty, 
whether  of  fitness  for  a particular  purpose  or  of  merchantability,  for 
consequential  or  incidental  damages  nor  for  any  injury  or  damage  to 
the  solar  system  in  which  Brayco  888  or  888HF  may  be  installed  or 
any  component  parts  thereof.  SOME  STATES  DO  NOT  ALLOW  THE 
EXCLUSION  OR  LIMITATION  OF  INCIDENTAL  OR  CONSEQUEN- 
TIAL DAMAGES,  SO  THE  ABOVE  LIMITATION  OR  EXCLUSION 
MAY  NOT  APPLYTO  YOU.  THIS  WARRANTY  GIVES  YOU  SPECIFIC 
LEGAL  RIGHTS,  AND  YOU  MAY  ALSO  HAVE  OTHER  RIGHTS 
WHICH  VARY  FROM  STATE  TO  STATE. 


Qualification  For  Brayco  888  Limited  Warranty 


The  Brayco  888  Limited  Warranty  is  conditional  and  to  qualify  for 
the  warranty  benefits,  Brayco  888  Solar  Collector  Heat  Transfer  Fluids 
must  be  properly  installed  in  solar  heating  systems  (that  meet  Bray 
Products’  standards.)  They  must  aiso  be  installed  by  professional 
contractors,  authorized  dealers,  or  wholesalers  who  have  qualified  for 
the  Brayco  888  Limited  Warranty  Program.  For  information  on  how  to 
qualify  for  the  Brayoo  888  Limited  Warranty  Program  or  for  informa- 
tion regarding  qualified  contractors,  dealers,  and  wholesalers,  write 
Bray  Products  Division  of  Burmah-Castrol  Inc. 

To  receive  replacement  quantities  of  Brayco  888  under  this  war- 
ranty, either  the  owner  of  the  solar  system  in  which  the  Brayco  888  is 


installed  or  the  professional  oontractor,  authorized  dealer  or  wholesa- 
ler that  installed  or  sold  the  Brayco  888  must  submit  a written  claim  to 
Bray  Products,  addressed  as  follows: 

Burmah-Castrol  Inc. 

Bray  Products  Division 
2698  White  Road 
Irvine,  CA  92714 

Additionally  upon  request,  the  person  or  entity  submitting  the 
warranty  claim  must  supply  a sample  of  the  failed  fluid  to  Bray 
Products. 


Member  Burmah  Group 
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WHY  DOWFROST  & DOWTHERM  SK-1  INHIBITED  GIYCOLS  ABE  BETTER 
HEAT  TRANSFER  MEDIUMS  THAN  OTHER  FLUID  AND  NON-FLUID  METHODS 


More  engineers  and  operators,  more  often,  are 
specifying  DOWFROST*  and  DOWTHERM*  SR-1 
inhibited  glycols  in  water  for  secondary  cooling 
and  heat  transfer  applications;  for  freeze  and 
burst  protection  of  pipes;  and  for  various  deicing, 
dehumidifying,  and  defrosting  applications.  Why? 
Because  compared  to  alternative  fluids  and  to 
non-fluid  methods,  inhibited  glycols  can  improve 
process  efficiency,  reduce  costs,  or  both.  Here  are 
some  specific  examples. 

Plain  water  can  be  used  only  in  applications 
between  32°F  and  212°F.  And  it  contains 
impurities  which  can  become  corrosive  when  in 
contact  with  air.  DOWFROST  and  DOWTHERM 
SR-1,  on  the  other  hand,  are  highly  effective  heat 
transfer  media  between  — 40°F  and  250°F.  And 
because  they  are  inhibited  glycols,  they  protect 
against  corrosion. 

With  uninhibited  salt  brine  solutions,  corro- 
sion can  be  an  even  greater  problem,  particularly 
in  open  systems.  Typically,  these  systems  require 

»ent  maintenance,  periodic  shutdown,  drain- 
cleaning, and  addition  of  new  brine.  As  for 
inhibited  salt  brines,  they  often  contain  a toxic 
sodium  chromate  or  dichromate  inhibitor,  which 
requires  fi’equent  surveillance  and  adjustment. 
Those  aren’t  problems  with  DOWFROST  and 
DOWl’HERM  SR-1  inhibited  glycols.  The  inhibitor 
is  low  in  toxicity,  easily  maintained,  and  can  be 
easily  replenished  as  needed.  The  fluids  are  low 
in  corrosivity.  And  system  shutdowns  for  cleaning 
are  few  and  far  between  compared  to  inhibited 
salt  brines.  That  represents  a significant  savings  in 
maintenance  and  labor. 

Compared  to  oils,  aqueous  solutions  of 
DOWFROST  and  DOWTHERM  SR-1  are  lower  in 
viscosity.  As  a result,  pumping  costs  are  lower. 

They  also  offer  higher  specific  heats  so  heat 
transfer  is  more  efficient.  In  addition,  they  are 
non-flammable.  And  in  most  cases,  solutions  of 
DOWFROST  and  DOWTHERM  SR-1  cost  less 
than  oils. 

Compared  to  steam,  these  inhibited  glycols 
are  less  corrosive  and  easier  to  control.  And 
svstems  are  easier  and  less  expensive  to  operate. 

KTipared  to  automotive  antifreezes, 

ERM  SR-1  and  DOWFROST  are  less  toxic. 

* Trademark  of  The  Dow  Chemical  Company 
©The  Dow  Chemical  Co.,  1982 


They  will  not  foul  heat  exchanger  surfaces,  and 
they  offer  longer  system  life. 

Solutions  of  DOWFROST  and  DOWTHERM 
SR-1  inhibited  glycols  aren’t  as  flammable  as 
alcohol.  They  won’t  thermally  degrade  as  fast  as 
glycerine.  They  aren’t  as  toxic  as  ammonia. 

And  often,  they’re  less  expensive,  less  toxic,  and 
offer  more  efficient  heat  transfer  than  aromatic 
organics,  methanol,  and  silicones. 

Uninhibited  glycols  oxidize  in  the  presence 
of  air.  And  at  high  temperatures,  oxidation  is 
even  faster.  Oxidation  forms  organic  acids,  and 
the  acids  lower  the  pH  of  the  glycol  solution. 
Result:  Potential  for  corrosion.  Inhibited  glycols, 
on  the  other  hand,  maintain  a stable  pH 
(buffering)  by  reacting  with  any  organic  acid 
formed.  That  protects  against  corrosion.  The 
inhibitor  also  passivates  the  surface  of  the  metal, 
providing  continuous  protection. 

Compared  to  non-liquid  methods,  DOWFROST 
and  DOAfTOERM  SR-1  don’t  use  as  much  energy 
as  hot  air/gas,  electric,  or  air-dry  coil  defrosting 
systems.  And  it’s  not  necessary  to  interrupt 
production  for  defrosting  operations  with  these 
inhibited  glycols.  In  freezing  and  chilling 
operations,  the  inhibited  glycols  can  provide 
faster  freezing,  and  low  installation,  maintenance, 
and  labor  costs. 

So  no  matter  what  heat  transfer  fluid  or 
method  you’re  using  or  considering,  you’ll  find 
that  none  offer  all  the  advantages  of  DOWTHERM 
SR-1  and  DOWFROST. 


Photo  courtesy  G.  Heilman  Brewing  Co. 
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Service  and  technical  support: 
major  advantages  in  specifying 
DOW  inhibited  glycols 

The  Dow  Chemical  Company  has  long  been 
involved  in  heat  transfer  technology  in  industrial 
and  food-related  applications.  Beyond  merely 
supplying  fluids,  Dow  offers  the  depth  of 
experience,  technical  know-how,  and  willingness 
to  bring  these  to  bear  in  helping  design  and 
troubleshoot  field  applications. 

When  you  deal  with  Dow,  you  can  count  on 
support  from  a number  of  departments  whose 
insight  can  be  valuable.  These  would  include, 
among  others.  Microbiology,  Construction 
Materials,  and  Heat  Transfer.  Your  local  Dow 
representative  can  arrange  for  technical  service 
people  to  assist  you  as  needed  with  many  aspects 
of  s)^tem  preparation  and  operation. 

This  combination  of  quality  product  and 
high-level  technical  service  and  support  are  the 
basic  reasons  behind  the  success  of  Dow  products 
in  the  applications  described  on  pages  10  and  11. 
Examples  of  how  the 
“Dow  difference”  has  helped  others 
Here  are  six  examples  of  how  Dow’s  extensive 
technical  and  service  capabilities  have  solved 
system  design  and  operation  problems. 

1.  By  providing  comparisons  of  heat  transfer 
efficiency  parameters  and  start-up/operating 
horsepower  requirements,  Dow  personnel  helped 
engineers  at  a major  automotive  company 
design  a large  heat  recovery  loop.  That  enabled 
them  to  size  equipment  properly  for  the  system 
and  select  the  most  efficient  fluid. 

2.  Dow’s  microbiologists  provided  data  for  a 
meat  packing  customer  showing  how  glycol 
concentration,  fluid  temperature,  and  sludge 
build-up  relate  to  bacterial  growth.  The  data 
allowed  engineers  to  change  operating  conditions 
and  adjust  glycol  concentration  to  inhibit  that 
bacterial  growth. 


3.  Dow  analysts  helped  a customer  in  the 
chemical  industry  cut  capital  expenditures  in  the 
constmction  of  a secondaiy  heat  transfer  system 
and  fluid  storage  tank.  Different  materials  of  con- 
struction were  recommended  which  were  frilly  com- 
patible with  DOWTHERM  SR-1  inhibited  glycol, 

yet  far  less  costly  than  those  originally  planned. 

4.  A Dow  technical  service  representative 
made  suggestions  on  the  design  of  a small 
pipeline  tracing  system  for  a detergent  manu- 
facturer. This  resulted  in  extended  lifetime  of 
DOWTHERM  SR-1  and  reduced  operational  costs. 

5.  Dow’s  analytical  chemists  provided  a 
chemical  processor  with  a method  for  analyzing 
and  monitoring  chloride  contamination  in  the 
glycol  as  a result  of  the  process.  This  helped 

tile  customer  determine  when  contamination^^ 
exceeded  the  acceptable  limit,  so  that  leaks 
could  be  repaired  and  corrosion  minimized. 


6.  Dow  Industrial  Cleaning  Services  Division 
(now  Dowell  Industrial  Service)  was  contracted 
by  a brewery  to  clean  three  old,  corrosion-ridden, 
salt  brine  chilling  systems.  The  customer  then 
charged  the  system  with  DOWFROST  inhibited 
propylene  glycol.  Dow  now  analyzes  the  fluid 
periodically  so  the  customer  knows  precisely 
when  to  replenish  either  the  fluid  or  inhibitor 
for  continued  smooth  operations. 

Free  analytical  testing  service 
The  Dow  Chemical  Company  offers  free  sample 
analysis  of  the  fluid  on  an  annual  basis,  as  a 
courtesy  to  customers  whose  systems  contain 
250  gallons  or  more  of  DOWFROST  or 
DOWTHERM  SR-1  heat  transfer  fluid. 


The  analysis  determines  both  the  glycol  and 
inhibitor  levels.  And  based  on  information  you 
provide  about  your  system  (such  as  capacity, 
operating  temperature  range,  and  desired  lieeze 
protection),  you  can  learn  whether  or  not  the 
fluid  is  meeting  your  requirements.  If  not,  proper 
adjustments  of  the  fluid  are  also  recommended. 
This  seiTice  is  discussed  in  more  detail  on  page 
40  of  this  brochure. 


A BASIC  DESCRIPTION 

OF  DOWFROST  AND  DOWTHERM  SR-1  HEAT  TRANSFER  FLUIDS 


DO^TROST  heat  transfer  fluid  is 
an  inhibited  propylene  glycol  that’s 
clear  and  colorless.  DOViTHERM 
SR-1  heat  transfer  fluid  is  an 
inhibited  ethylene  glycol  that's 
clear  and  bright  pink 

DO^TROST  and  DO\tTHERM 
SR-1  inhibited  glycols  are  prac- 
tically odorless,  and  easOy  mixed 
with  water.  DOViTHERM  SR-1 
has  a moderate  level  of  toxicity; 
IX)ViTROST  is  veiy'  low  in  toxicity. 
Both  fluids  have  good  heat  trans- 
fer characteristics,  offer  good 
freeze  protection,  and  have  low 
volatility.  Both  are  hygroscopic 
at  low  temperatures,  meaning 
they  attract  moisture  from  the 
surrounding  atmosphere.  Both 
are  non-flammable  in  solutions 
up  to  80%  glycol  in  water. 


COMPARISON  OF  TYPICAL 
PHYSICAL  PROPERTIES  OF 
AQUEOUS  SOLUnONS 
OF  DOWFROST 
AND  DOWTHERM  SR-1 
HEAT  TRANSFER  FLUIDS 


These  properties  can  be 
considered  typical  of  the  product, 
but  should  not  be  regarded  as 
specifications. 


NOTE;  Specific  engineering  data  for  other  concentrations  and  temperatures  for  DOWRQST  and  IX}«THE!IM  SR-] 
are  shown  on  pages  l6  through  23-  " , . ■ ‘...f  - - ' 


% Gl)TOi  B\'  weight  | 

20% 

40% 

60% 

Physical  properw  Temp 

DOys;THER.MSR-l  DOWROST 

DOWTHER.M  SR-1  DOViTROST 

DO\tTHER.M  SR-1  DOIXTROST 

Thermal  conductivity 

BTL7{hr)  (ft^)(°F/ft) 

20°F 

200°F 

.270  .264 

.327  .318 

.228  .215 

.269  .252 

.194  .175 

.223  .198 

Specific  heat 

BTLVlb  °F 

20°F 

200°F 

.936  .965 

.954  .987 

.838  .887 

.914  .944 

.734  .770 

.837  .882 

Viscosity 
( Centipoise) 

20°F 

200°F 

1 

4 5.3 

.47  .5 

7 20 

.6  .7 

^ 16  50 

: .89  1.1 

Density  (g/ml) 

20°F 

200°F 

1.034  1.028 

0.986  0.978 

1.067  1.053 

1.012  0.989 

1.102  1.071 

1.035  0.995 
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DOViTROST 
Heat  Transfer 
Fluid 

DOWTHERM  SR-1 
Heat  Transfer 

Fluid 

Composition  (%  by  weight  ) 

Total  glycols  ( minimum) 

95.5 

95.5 

Inhibitors  and  water 

4.5 

4,5 

Dve 

None 

Pink 

Specific  gravity 

at  60/60°F 

1.0500-1.0600  1.125-1.135 

pH  of  1:1  dilution 

9.0-10.0 

9.0-9.6 

Resene  alkalinity, 

minimum  (ASTM  D1121) 

9.8  ml. 

11.0  ml. 

PRODUCT 

SPECIFICimONS 

Methods  of  anah'sLs  and  romplete 
sales  specifications  so-aiiabie 
on  request. 
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TYPICAL 

PHYSICAL  PROPERTIES 
OF  AQUEOUS  SOLUTIONS 
OF  DOWFROST 


These  properties  can  be 
considered  typical  of  the  product, 
but  should  not  be  regarded  as 
specifications. 


FREEZING  POINTS 
OF  AQUEOUS  SOLUTIONS 
OF  DOWFROST 
AND  DOWTHERM  SR-1 


% BY  VOLUME  GLYCOL 
©DOWFROST  ©DOWTHERM 


Freeze  Point  It  should  be 
noted  that  the  freeze  points  for 
glycols  are  the  temperature  at 
which  the  ice  crystals  first  form. 
Below  these  temperatures,  a 
slushy  solution  exists  which  will 
permit  flow.  However,  as  the 
temperature  decreases,  the  slush 
becomes  more  viscous  untU  freez- 
ing eventually  occurs. 


Weight  % 

Propylene 

Glycol 

Volume  % 
Propylene 
Glycol' 

Freeze 

Point  °F 

Refractive 

Index 

Nn  77°F 

Degree 

Brix 

Boiling 

Point  °F 
@760MM  Hg 

20 

19.4 

19.9 

1.3565 

15.4 

213°F 

21 

20.4 

19.0 

1.3575 

16.0 

22 

21.4 

18.0 

1.3586 

16.7 

23 

22.4 

17.0 

1.3598 

17.4 

24 

23.4 

16.0 

1.3611 

18.4 

25 

24.4 

15.0 

1.3621 

18.8 

214°F 

26 

25.3 

14.0 

1.3632 

19.6 

27 

26.4 

13.0 

1.3643 

20.2 

28 

27.4 

12.0 

1.3654 

20.8 

29 

28.4 

11.0 

1.3664 

21.4 

30 

29.4 

9.1 

1.3674 

22.0 

216°F 

31 

30.4 

8.0 

1.3685 

22.7 

32 

31.4 

7.0 

1.3700 

23.6 

33 

32.4 

6.0 

1.3714 

24.4 

34 

33.5 

4.0 

1.3729 

25.3 

35 

34.4 

3.0 

1.3742 

26.1 

217°F 

36 

35.5 

1.0 

1.3755 

26.9 

37 

36.5 

0 

1.3765 

27.5 

38 

37.5 

-2.0 

1.3775 

28.0 

39 

38.5 

-4.0 

1.3785 

28.5 

m 

40 

39.6 

-5.0 

1.3796 

29.1 

219°F  ^ 

41 

40.6 

-7.0 

1.3806 

29.6 

42 

41.6 

-9.0 

1.3816 

30.2 

43 

42.6 

-11.0 

1.3826 

30.7 

44 

43.7 

-13.0 

1.3837 

31.3 

45 

44.7 

-15.0 

1.3847 

31.8 

220°F 

46 

45.7 

-17.0 

1.3857 

32.4 

47 

46.8 

-19.0 

1.3868 

33.0 

48 

47.8 

-22.0 

1.3878 

33.5 

49 

48.9 

-25.0 

1.3889 

34.1 

50 

49.9 

-29.0 

1.3899 

34.7 

222°F 

51 

50.9 

-31.0 

1.3911 

35.5 

52 

51.9 

-33.0 

1.3922 

35.9 

53 

53.0 

-37.0 

1.3936 

36.6 

54 

54.0 

-40.0 

1.3947 

37.2 

55 

55.0 

-43.6 

1.3961 

38.0 

223.5°F 

56 

56.0 

-46.0 

1.3968 

38.4 

57 

57.0 

-50.0 

1.3981 

.39.1 

58 

58.0 

-53.0 

1.39911 

.39.6 

59 

59.0 

-57.0 

1.4002 

40.3 

60 

60.0 

-60.0 

1.4012 

40.7 

225°F 
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Weight  % 

Volume  % 

Refractive 

Boiling 

Ethylene 

Ethylene 

Freeze 

Index 

Degree 

Point  °F 

Glycol 

Glycol 

Point  °F 

Ni,  77°F 

BrLx 

@760MM  Hg 

20 

18.1 

17.0 

1.3525 

13.0 

216°F 

21 

19.2 

16.5 

1.3536 

13.7 

22 

20.1 

16.0 

1.3546 

14.3 

23 

21.0 

14.0 

1.3555 

14.8 

24 

22.0 

13.0 

1.3565 

15.4 

25 

22.9 

12.0 

1.3575 

16.0 

218°F 

26 

23.9 

11.0 

1.3585 

16.6 

27 

24.8 

10.0 

1.3590 

17.0 

28 

25.8 

9.0 

1.3605 

17.7 

29 

26.7 

8.0 

1.3615 

18.5 

30 

27.7 

7.0 

1.3625 

19.0 

220°F 

31 

28.7 

5.0 

1.3636 

19.7 

32 

29.6 

4.0 

1.3645 

20.3 

33 

30.6 

2.0 

1.3656 

20.9 

34 

31.6 

1.0 

1.3666 

21.5 

35 

32.6 

0.0 

1.3677 

22.2 

221°F 

36 

33.5 

-1.0 

1.3686 

22.8 

37 

34.5 

-3.0 

1.3696 

23.4 

38 

35.5 

-4.0 

1.3707 

24.0 

36.5 

-5.0 

1.3718 

24.6 

^ 40 

37.5 

-8.0 

1.3728 

25.2 

222°F 

41 

38.5 

-9.0 

I..3729 

25.9 

42 

39.5 

-11.0 

1.3750 

26.5 

43 

40.5 

-13.0 

1.3760 

27.2 

44 

41.5 

-15.0 

1.3770 

27.7 

45 

42.5 

-17.0 

1.3780 

28.2 

224°F 

46 

44.0 

-20.0 

1.3796 

29.1 

47 

45.0 

-22.0 

1.3806 

29.6 

48 

46.0 

-24.0 

1.3816 

30.2 

49 

47.1 

-26.0 

1.3828 

30.8 

50 

48.0 

-28.0 

1.3837 

31.3 

225°F 

51 

49.1 

-31.0 

1.3848 

31.9 

52 

50.1 

-35.0 

1.3858 

.32.5 

53 

51.2 

0 

1 

1.3869 

.33.1 

54 

52.2 

-38.0 

1.3880 

33.6 

55 

53.2 

-43.0 

1.3889 

34.1 

227°F 

56 

54.3 

-45.0 

1.3899 

34.7 

57 

55.3 

-50.0 

1.3909 

.35.2 

58 

56.3 

-52.0 

1.3919 

.35.7 

59 

57.4 

-54.0 

1.3930 

36.4 

60 

58.4 

-58.0 

1.3939 

.36.8 

230°F 

TYPICAL 

PHYSICAL  PROPEETIES 
OF  AQUEOUS  SOLUTIONS 
OF  DOWTHERMSR-l 


These  properties  can  be 
considered  typical  of  the  product, 
but  should  not  be  regarded  as 
specifications. 


WHERE  DOWFROST  AND  DOWTHERM  SR-1 

HAVE  ALREADY  PROVEN  EFFICIENT  AND  COST  EFFECTIVE 


Because  DOWFROST  and  DOWTHERM  SR-1 
inhibited  glycols  offer  advantages  that  other 
fluids  and  methods  don’t,  they’re  used  in  a 
variety  of  applications.  Here  are  nineteen  of  them. 

DEFROSTING, 

DEICING,  AND  DEHUMIDIFYING 

1.  Refrigeration  coil  defrosting  Cold 
DOWTROST  in  35-50%  concentration,  or 
DOWTHERM  SR-1  in  40-50%  concentration,  is 
sprayed  directly  on  refrigeration  coils,  either 
continuously  or  intermittently.  The  glycol  spray 
removes  any  frost  on  the  coils.  In  addition,  the 
hygroscopic  action  of  the  glycol  absorbs  condensa- 
tion on  the  coils  to  prevent  further  frost  formation, 
and  the  inhibitor  helps  prevent  corrosion. 


2.  Cold  room  dehumidifying  Because  high 
humidity  supports  mold  and  bacteria  growth,  food 
processing  and  warehousing  companies  spray 
chilled  DOWFROST  or  DOWTHERM  SR-1  through 
the  air  which  flows  over  refrigeration  coils.  This 
not  only  absorbs  moisture  to  maintain  low 
relative  humidity^  and  prevent  frost,  it  filters  dust 
and  other  particulates  from  the  air. 

3.  Conveyor  roller  defrosting  In  freezing 
tunnels,  cold  DOWTHERM  SR-1  in  40-55% 
concentration  is  sprayed  directly  on  rollers  to 
prevent  frost  formation.  As  a result,  there’s  no 
belt  slippage  or  production  interruptions. 


FREEZE  AND  BURST 
PROTECTION  OF  PIPES 


4.  Heating,  Ventilating,  and  Air  Condi- 
tioning (HVAC)  systems  DOWFROST  or  _ 
DOWTHERM  SR-1  inhibited  glycol  added  to  an 
HVAC  system  lowers  the  freeze-point  of  water 

to  reduce  the  potential  for  freeze-up  or  bursting  of 
pipes.  Draining  the  swtem  or  running  it  yearJ^ 
round,  and  problems  associated  with  those  pr^^ 
tices,  are  eliminated.  The  inhibited  glycol  helps 
prevent  corrosion  of  the  metal,  and  can  last  12  to 
18  years  in  the  sj'stem  when  properly  maintained. 

5.  Fire  hydrants  and  sprinkler  systems 

A 50%  concentration  of  DOWFROST  in  equipment 
lowers  the  freeze-point  of  water  and  reduces  prob- 
lems with  winter  freeze-up  and  burst  hardware. 

SECONDARY  COOLING 


6.  Cooling  liquid  foods  In  liquid  food 
processing,  a 30-50%  solution  of  cold  DOWFROST 
inhibited  glycol  is  circulated  through  coils  sub- 
merged in  or  wrapped  around  tanks  containing 
food  products.  Because  DOWFROST  offers  a lower 
temperature  range  than  water,  liquids  can  be 
cooled  and  bottled  faster,  sometimes  with  less 
foaming.  That  can  increase  production  rates. 

7.  Fennentation  cooling  DOWFROST  in 
30-50%  concentration  can  be  chilled  in  a primary 
refrigeration  unit,  then  circulated  through  coils 

of  fermentation,  wort,  or  yeast  bulk  storage  tanks. 
DOWFROST  offers  lower  temperatures  than  w^t 
to  permit  recovery  of  CO2  generated  during 
fermentation,  which  can  be  used  later  in  the 
bottling  process. 
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8.  Process  chilling  As  a secondary  coolant,  a 
30-50%  concentration  of  DOWFROsf  or  DOW- 
THERM  SR-1  is  cooled  in  a primary^  chiller,  then 
pumped  through  coils  submerged  in  or  wrapped 
around  process  tanks.  The  glycol’s  temperature 
is  controllable,  so  equipment  is  easy  to  operate. 

9.  Immersion  freezing  of  wrapped  foods 
Wrapped  foods  totally  immersed  in  a 40-50%  solu- 
tion of  DOWFROST  freeze  quickly  so  production 
rates  increase.  Because  of  this  fast-freezing,  many 
products  look  better  and  last  longer  on  the  shelf 

10.  Packaging  of  carbonated  beverages 
Following  fermentation,  carbonated  beverages 
such  as  champagnes  are  submerged  in  a chilled 
bath  of  DOWFROST  inhibited  glycol  prior  to 
decanting  and  rebottling.  This  helps  prevent  loss 
of  carbonation.  For  other  carbonated  beverages 
such  as  beer,  cold  DOWFROST  is  pumped  through 
coils  submerged  in  or  wrapped  around  process 
tanks  to  reduce  carbonation  loss. 

1 1.  Ice-making  To  freeze  water  quickly  and 
iMease  production,  trays  of  water  are  lowered 
.^tanks  filled  with  refrigerated  and  agitated 
DOWFROST  or  DOWTHERM  SR-1  in  40-50% 
concentration. 

12.  Ice  skating  rinks  By  chilling  and  circu- 
lating a 40-55%  solution  of  DOWTHERM  SR-1 
through  pipes  beneath  or  on  top  of  a rink  floor, 
water  freezes  quickly  into  a smooth  sheet  of  ice. 

13.  Plastic  bottle  blow-molding  DOWFROST 
or  DOWTHERM  SR-1  inhibited  glycol  in  30-50% 
concentration  is  preferred  to  water  in  this 
application  because  it  can  achieve  lower 
temperatures.  By  circulating  chilled  inhibited 
glycol  through  a mold,  faster  cooling  results.  That 
speeds  production.  Rapid  cooling  also  provides  a 
better  quality  product  because  plastic  flash  can  be 
trimmed  quickly  and  cleanly. 

SECONDARY  HEAT  TRANSFER 

14.  Process/pipeline  tracing  Compared  to 
steam  tracing,  liquid  tracing  with  DOWFROST  or 
DOWTHERM  SR-1  in  30-50%  concentration  pro- 
vides several  benefits.  With  an  inhibited  glycol, 
onW  one  steam  trap  is  required  versus  one  every 
■feet  with  steam.  And  unlike  steam,  which 
must  be  fed  continuously  to  the  system,  the 
glycol  is  heated  only  when  the  process  tempera- 


ture drops  below  a pre-determined  point.  That 
lowers  operating  costs.  Because  steam  is  available 
only  above  212°F,  there’s  a danger  of  overheating 
and  decomposing  sensitive  products.  Liquid 
tracing  with  the  inhibited  glycol  provides 
dependable  temperature  control  over  a wide 
range  of  temperatures. 

Compared  to  electrical  tracing,  liquid  tracing 
with  DOWFROST  or  DOWTHERM  SR-1  requires  far 
less  energy  and  thus  lowers  operating  costs. 

15.  Heat  recovery  As  DOWFROST  or  DOWTHERM 
SR-1  inhibited  glycol  in  30-50%  concentration 
flows  through  a heat  exchanger,  it  extracts 

heat  from  the  fluid  or  gas  waste  heat  source. 

The  heated  glycol  is  then  pumped  to  a separate 
S)^tem  to  heat  air,  water,  or  other  mediums. 

16.  Indirect  air/gas  heating  After  a 30-50% 
solution  of  DOWFROST  or  DOWTHERM  SR-1  is 
heated  in  a conventional  heat  exchanger,  it  can 
then  be  used  in  various  heating  or  diying  applica- 
tions. Applications  for  DOWFROST  include  dr\lng 
barley  malt  and  other  food  products.  Applica- 
tions for  DOWTHERM  SR-1  include  pre-heating 
air  coming  into  boilers  and  paper  diying. 

17.  Solar  heating  A 30-50%  solution  of 
DOWFROST  or  DOWTHERM  SR-1  freeze-protects 
water  used  in  conventional  solar  collectors.  As  the 
sun  heats  the  fluid,  it’s  pumped  elsewhere  in  the 
building  where  it  heats  air  or  water. 

18.  Snow  melting  systems  A solution  of 
30-40%  DOWTHERM  SR-1  is  heated  in  a heat 
exchanger,  then  pumped  through  tubing  to  keep 
paved  surfaces  above  freezing  temperatures.  As  a 
result,  snow  and  ice  melt  on  contact. 

19.  Refrigeration  warehouse  floor  heating 
A solution  of  30-50%  DOWTHERM  SR-1  is  heated 
in  a heat  exchanger,  then  pumped  through 
tubing  to  prevent  the  soil  beneath  the  floor  from 
freezing  and  causing  frost-heave. 
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GENERAL  DESIGN, 

EQUIPMENT,  AND  HEAT  TRANSFER  FLUID  CONSIDERAHONS 


This  section  is  intended  to  point  out  what 
considerations  should  be  given  to  DOWFROST  and 
DOWTHERM  SR-1  heat  transfer  fluids  and  the 
systems  where  they  are  used.  Keep  in  mind, 
these  are  only  general  considerations.  If  you 
have  a particular  problem  or  question,  you  may 
want  to  take  advantage  of  the  technical  service 
and  support  offered  by  The  Dow  Chemical 
Company.  Your  local  Dow  representative  will  be 
glad  to  arrange  it  all  for  you. 

Materials  of  construction 
Standard  materials  can  be  used  with  DOWFROST 
or  DOWTHERM  SR-1  heat  transfer  fluid.  Steel, 
cast  iron,  copper,  brass,  solder,  and  plastic 
piping  materials  are  all  generally  acceptable. 
DOWFROST  or  DOWTHEM  SR-1  can  also  be  used 
with  aluminum  at  temperatures  below  250  °F. 

At  temperatures  above  250°F,  use  of  aluminum 
is  not  recommended  because  the  inhibitors  do  not 
fully  protect  the  aluminum  components  in  the 
system.  Galvanized  steel  is  not  recommended  in 
•^t  cases  because  the  zinc  could  react  with 
i^nhibitor  in  glycols,  causing  precipitation 
of  components  and  release  of  hydrogen  gas, 
particularly  above  100  °F 

Centrifugal  pumps  are  commonly  used  with 
solutions  of  DOWFROST  and  DOWTHERM  SR-1. 
Reciprocating  pumps  are  necessary  where  fluids 
must  be  pumped  at  high  head  pressures.  Pumps 
can  be  made  of  ordinary  steel  since  the  fluids 
are  inhibited. 

Piping  valves  and  fittings  can  also  be  of 
ordinary  steel.  Schedule  10  piping  will  withstand 
normal  pumping  pressures. 

Typically  the  same  Upe  of  pump  packing  or 
mechanical  seal  used  for  water  may  be  used  with 
solutions  of  DOWFROST  or  DOWTHERM  SR-1. 
Packing  and  seal  manufacturers  should  be 
consulted  for  materials  appropriate  to  your 
application  and  operating  temperature. 


Solutions  of  DOWTHERM  SR-1  and 
DOWFROST  are  also  generally  compatible  with 
most  plastics  and  elastomers.  Generally  any 
material  which  can  be  used  with  uninhibited 
glycols  may  be  used  with  DOWFROST  and 
DOWTHERM  SR-1. 


Bypass  filters  are  recommended  for  removal 
of  foreign  solids,  Filters  made  of  non-absorbent 
cotton,  fiber,  or  cellulose-type  media  have  been 
used  successfully. 

Using  dissimilar  metals  in  a system  is  not 
recommended  because  it  may  result  in  galvanic, 
“two-metal”,  corrosion.  This  type  of  corrosion 
can  occur  in  electrolytic  solutions  when  dissimilar 
metals  (referencing  the  galvanic  series)  are  in 
contact  with  or  near  each  other.  (An  example  of 
dissimilar  metals  would  be  aluminum  directly 
connected  to  copper. ) Solutions  of  DOWFROST 
or  DOWTHERM  SR-1  inhibited  glycols  are  better 
than  plain  water,  but  neither  could  fully  protect 
against  galvanic  corrosion  of  dissimilar  metals 
electrically  coupled  in  a system. 
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Effective  temperature  range 

DOWFROST  inhibited  glycol  has  an  effective 
operating  temperature  range  of  — 28°F  to  250 °F, 
while  DOWTHERM  SR-1  inhibited  glycol  is 
effective  from  — 40°F  to  250  °F.  At  temperatures 
below  their  lowest  points,  the  fluids’  increased 
viscosities  (>  200  centipoise)  can  make  them 
impractical  to  use  without  larger  pumps. 

At  the  upper  end  of  the  operating  range,  a 
maximum  bulk  temperature  of  250 °F  is  recom- 
mended, with  film  temperatures  not  to  exceed 
300  °F.  Above  these  temperatures  two  factors 
present  problems.  First,  as  with  any  water-based 
system,  vapor  pressure  will  increase  rapidly  above 
300  °F.  Smooth  operating  without  localized 
boiling  or  “vapor  lock”  becomes  difficult  despite 
maintaining  pressure  on  the  system. 

Second,  thermal  degradation  of  the  fluid  is  a 
problem.  Glycol  oxidation  occurs  in  the  presence 
of  air  at  any  temperature.  The  higher  the 
temperature,  the  faster  the  oxidation.  To  minimize 
the  oxidation  rate,  a closed  system  is  recom- 
mended wherever  possible.  At  temperatures  above 
150°F,  nitrogen  padding  is  also  recommended. 
Although  the  fluids  can  tolerate  brief  exposures 
to  temperatures  up  to  350 °F,  oxidation  and 
degradation  of  both  glycol  and  inhibitor  become 
excessive  with  extended  exposure  above  300  °F. 

It  should  be  noted  that  within  the  recom- 
mended operating  range,  film  temperature  at  the 
wall  of  the  heat  exchanger  should  be  no  more 
than  25°F  to  50°F  higher  than  the  bulk 
temperature.  This  helps  to  assure  long  fluid  life. 
FlammabilitY 

When  mixed  with  water,  neither  DOWFROST  nor 
DOWTHERM  SR-1  are  flammable  since  they  have 
no  measurable  flash  point  (Pensky-Martens 
Closed  Cup)  in  concentrations  up  to  80%  glycol. 
DOWFROST  inhibited  glycol,  to  which  no  water 
has  been  added,  has  a flash  point  of  214°  F and 
a fire  point  of  220 °F  (Cleveland  Open  Cup). 
DOWTHERM  SR-1,  to  which  no  water  has  been 
added,  has  flash  and  fire  points  of  250 °F. 

Film  coefRcients 
of  inhibited  glycols  and  water 
Solutions  of  DOWROST  and  DOWTHERM  SR-1 
inhibited  glycols  have  heat  transfer  properties 
different  from  those  of  plain  water.  These  glycol 


solutions  typically  have  lower  film  coefficients 
under  equivalent  flow  conditions.  ; 

This  may  affect  the  design  and  operation  of  ; 
your  s)«tem,  depending  on  factors  such  as  the  [ 
heat  transfer  coefficient  of  the  material  being 
heated  or  cooled.  For  a complete  discussion  and 
related  data  on  this  subject,  see  page  25  of 
this  brochure. 

Efficiency  versus  concentration  ' 

To  obtain  peak  heat  transfer  efficiency  while 
providing  full  freeze-protection,  avoid  using 
excess  concentrations  of  DOWFROST  or  ; ' 

DOWTHERM  SR-1  in  water.  Generally,  when  the 
fluid  is  used  either  for  freeze-protection  or  in 
secondary  cooling  applications,  the  concentration  i 
required  would  have  a freeze  point  about  5°F  I 
lower  than  the  lowest  anticipated  temperature.  For  ’ 
burst-protection,  when  slush  or  ice  crystals  in  the  j 
fluid  is  not  a problem,  slightly  lower  (~5-10%) 
concentrations  can  be  adequate.  Rarely  is  it  1 
necessary  to  use  concentrations  higher  than 
50-55%  glycol  in  water.  The  less  glycol  used,  ; 
higher  the  relative  heat  transfer  efficiency  of^f  ( 
the  solution. 

For  optimum  corrosion  protection,  the  , 
minimum  concentration  of  either  DOWFROST  or  3 
DOWTHERM  SR-1  in  water  should  be  30%.  If  ■ 
operating  at  lower  concentrations  is  desired,  ( 
consult  your  Dow  technical  representative  for  ; 
information  relating  to  inhibitor  adjustment. 
Expansion  factor 

Like  all  fluids,  solutions  containing  DOWFROST 
or  DOWTHERM  SR-1  inhibited  glycol  expand  as 
the  temperature  increases.  Expansion  tanks  should  :■ 
be  sized  to  allow  about  4%  greater  expansion 
than  for  plain  water  in  the  same  temperature 
range.  See  page  l6  for  discussion  of  density  and  i 
how  to  calculate  exact  volume  expansion  figures,  t 

Also  note  that  as  temperatures  drop  below  the  : 
freeze  point  of  a glycol  solution,  ice  ci^tals  I 
begin  to  form.  This  causes  the  solution  to  expand 
and  the  slush  will  flow  to  available  expansion 
volume.  The  lower  the  temperature,  the  greater 
the  expansion.  However,  when  it  gets  cold  enough 
so  that  glycol  crystals  form,  it  will  then  begin 
to  contract.  At  very  low  temperatures,  the  ent|A) 
mass  freezes  solid. 
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Reguktoiy  status  regarding 
the  use  of  inhibited  giycols 
in  food-related  applications 

Solutions  of  DOWFROST  are  widely  used  in  the 
food  industry  as  secondary  coolants  in  beverage 
processing,  immersion  freezing,  refrigeration  coil 
defrosting  and  other  applications.  The  Dow 
Chemical  Company  does  not  recommend 
DOWFROST  be  used  as  a direct  food  additive. 
However,  its  low  toxicity,  odor,  and  taste  make  it 
suitable  for  various  food  processing  applications. 

As  with  any  fluid  used  in  food  processing,  good 
manufacturing  and  handling  procedures  are 
required. 

DOWTHERM  SR-1  inhibited  glycol  is  selected 
by  the  food  industry  for  defrosting  fi’eezer  coils 
where  temperatures  are  too  low  to  use  propylene 
glycol-based  fluids.  It  is  also  used  in  secondary 
heat  transfer  applications  up  to  250 °F. 

DOWTHERM  SR-1  should  not  be  used  where  direct 
contact  with  food  is  possible. 

DOWFROST  inhibited  glycol  has  been 
^ (Bed  by  United  States  Department  of 
Agrmture  (U.S.D.A)  for  both  defrosting 
refrigeration  coils  and  for  immersion-freezing  of 
wi’apped  meats,  poultry,  and  meat  products  in 
plants  operated  under  Federal  Meat  Inspection. 
DOWTHERM  SR~1  has  received  approval  by  the 
United  States  Department  of  Agriculture  for 
. defrosting  refrigeration  coils  assuming  direct 
contact  with  the  meat  product  is  avoided. 

The  Food  and  Drug  Administration  (F.D.A) 
approves  individual  chemicals  only,  not  proprietary 
products  (tradenames).  The  two  ingredients  in 
DOWFROST  heat  transfer  fluid  are  generally 
recognized  as  safe  by  the  Food  and  Drug 
Administration  as  a food  additive  under  Part  182 
of  the  Food  Additive  Regulations.  The  regulation 
for  propylene  glycol  is  21  CFR  182.1666;  for 
dipotassium  phosphate,  182.6285.  The  propylene 
glycol  and  dipotassium  phosphate  in  DOWFROST 
meet  the  requirements  of  these  regulations. 

As  is  sometimes  required  for  Grade  A dairies 
or  meat  packers,  a letter  certifying  the  appropriate 
use  and  quality  of  DOWFROST  or  DOWTHERM 
SR^long  with  copies  of  the  approval  or  accept- 
anSitters  from  the  United  States  Department 
of  Agriculture  or  the  Food  and  Drug  Admin- 
istration, is  available  to  a customer  on  request. 
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The  next  8 pages  contain  specific 
information  on  DOWFROST  and 
DOWTHERM  SR-1  heat  transfer 
fluids  in  table  and  graph  forms. 
This  data  will  help  you  select  one 
of  the  tw'o  fluids,  based  on  your 
system  design  and  operating 
requirements. 

Again,  if  you  have  any  prob- 
lems or  questions,  your  Dow 
representative  can  arrange  for 
our  technical  sendee  people  to 
assist  you. 


Weight  % 

Volume  % 

GIvcol 

DOWTROST 

Volume  % 
Glycol 

DOWTHERM 

SR-1 

0 

0.0 

0.0 

5 

4.8 

4.4 

10 

9.6 

8.9 

15 

14.5 

13.6 

20 

19.4 

18.1 

25 

2-1.4 

22.9 

.50 

29.4 

27.7 

35 

34.4 

32.6 

40 

.39.6 

.37.5 

■15 

44.7 

42.5 

50 

49.9 

48.0 

55 

55.0 

53.2 

60 

60.0 

58.4 

65 

65.0 

62.8 

70 

70.0 

68.3 

75 

75.0 

73.6 

80 

80.0 

78.9 

85 

85.0 

84.3 

90 

90.0 

89.7 

95 

95.0 

95.0 

100 

100.0 

100.0 

WEIGHT  PERCENT 
VERSUS  VOLUME  PERCENT 
OF  DOWFROST 
AND  DOWTHERM  SR-1 
IN  SOLUTIONS 


Density  is  the  weight-per-unit- 
volume  of  a mass.  Density  of  glycol 
solutions  vary  with  temperature 
and  concentration. 

This  graph  show's  that  the  den- 
sities of  solutions  of  DOWFROST 
inhibited  glycol  and  water  may  be 
the  same  for  two  concentrations. 
Therefore,  density  alone  is  not  a 
reliable  method  to  determine  the 
concentration  of  a solution  of 
DOW  FROST.  On  the  other  hand, 
density  can  be  used  to  determine 
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OF  AQUEOUS  SOLUTIONS 
OF  DOWFROST 


(NOTE:  Curves  for  this  chart 
represent  DOWFROST;  all 
others  are  propylene  glycol.) 
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DENSITIES 
OF  AQUEOUS  SOLUTIONS 
OF  DOWTHERM  SR-1 


(NOTE:  Curves  for  this  chart 
represent  DOWTHERM  SR-1;  all 
others  are  ethylene  glycol. ) 


the  concentration  of  a solution  of 
DOWTHERM  SR-1  provided  the 
temperature  of  the  solution  is 
taken  into  account. 

The  data  provided  here  show 
densities  of  given  solutions.  It  may 
also  be  desirable  to  know  the 
specific  gravities  at  certain  tem- 
peratures. The  specific  gravity 
can  be  obtained  by  dividing  the 
density  of  the  glycol  or  glycol- 
water  solution  by  the  density  of 
water.  Densities,  and  therefore 
specific  gravities,  vary  with  tem- 
perature; hence  it  is  necessary 
to  indicate  the  temperature  of 
both  the  glycol  and  the  water. 
Specific  gravities  may  be  expressed 
at  various  temperatures,  as  follows: 
Specific  gravity  of 

DOWHERM  SR-1  at  “x"°F/'‘y''°F *  * = 
Density  of  DOWHERM  SR-1  at  ‘'x"°F 
Density  of  water  at  "y"°F 


For  example,  the  specific 
gravity  of  50%  (wt)  solution  of 
DOWTHERM  SR-1,  the  density  of 
which  is  1.067  g/ml  at  77°F, 
when  compared  to  water  of  density 
0.9965  g/ml  at  77°F,  could  be 
calculated  as  follow'S: 

Sp.Gr.  at  77°F/77°F  = l.O'l 

The  weight  per  gallon  of  a 
given  solution  is  determined  as 
follow'S: 

Density  at  t°F  x 8.345  = Ib/gal  at  t°F 

For  example,  weight  per  gallon  at  '7°F 
of  a 50%  ( wt ) solution  of 
DOWROST: 

l.Ot-t  X 8.345  = 8."1  Ibs/gal 

DOWTHERM  SR-1: 

l.Otv  X 8.345  = 8.90  Ibs/gal 

Volume  changes  resulting 
from  heating  or  cooling  glycol 
solutions  may  be  calculated  from 
the  density  data.  For  example, 
in  heating  10,000  lbs.  of  a 50% 
solution  of  DOWTHERM  SR-1  from 
77 °F  to  140°F,  the  increase  in 
volume  will  be: 

10.000  lbs  (140°F)  10.000  lbs  (:’7°F) 

8.74  Ibs/gal  8.90  Ibs/gal 

1 144.2  gals  - 1 123.6  gals  = 20.6  gals 

* ''x”  and  "y"  may  be  the  same  or 
different  numbers 
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Viscosity  Viscosity  is  a measure 
of  the  internal  friction  of  a liquid. 
As  viscosity  increases,  the  tenden- 
cy to  flow  decreases.  Viscosities 
of  solutions  of  DOWFROST  and 
DOWl’HERM  SR-1  inhibited  glycols 
\'ar)'  inversely  with  temperature 
and  directly  with  concentration. 
These  curves  are  important  when 
viscosity  information  is  required 
for  pumping,  filtering,  and  piping 
calculations,  or  for  calculation  of 
heat  transfer  efficiency  factors. 

Viscosity  is  given  in  centi- 
poise.  This  can  easily  be  converted 
to  centistokes  by  dividing  centi- 
poise  by  the  density  in  grams 
per  milliliter  at  the  indicated 
temperature.  Densities  are  given 
on  pg.  l6  & 17. 


VISCOSITIES 

OF  AQUEOUS  SOLUTIONS 
OF  DOWFROST 
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VISCOSITIES 

OF  AQUEOUS  SOLUTIONS 
OF  DOWTHERM  SR-1 


Vapor  pressure 
and  boiling  point 

All  liquids  can  form  vapors 
wliich  exert  pressures.  The  vapor 
pressures  exerted  increase  with 
temperature.  Solutions  of 
DOWTROST  and  DOWHERM  SR-1 
inhibited  glycols  have  vapor 
pressures  low-’er  than  plain  w’ater 
and  their  boiling  points  are  above 
that  of  w'ater. 

Solutions  of  DOWROST  and 
DOVITHERM  SR-1  have  vapor 
pressures  that  approach  that  of 
plain  W'ater  due  primarily  to  the 
water  in  solution.  The  vapor 
pressure  of  the  glycol  itself 
is  much  lower.  As  a result, 
solutions  of  DOWROST  or 
DOVtTHERM  SR-1  will  tend  to 
lose  their  water  by  evaporation 
as  temperatures  rise  above  the 
dew  point.  It  should  be  noted 
that  since  glycols  are  hygroscopic, 
the  fluids  will  pick  up  w'ater  from 
the  air  and  become  more  dilute 
as  the  temperature  drops  below' 
the  dew  point.  Closed  containers 
or  processes  help  prevent  this 
from  becoming  a problem. 

In  designing  systems  to 
withstand  vapor  pressures  of 
solutions  of  DOWROST  or 
DOUTHERM  SR-1,  engineers  often 
find  it  easier  to  use  steam  tables. 
Since  these  solutions  have  slightly 
lower  vapor  pressures  than  plain 
water,  the  system  design  would 
then  be  consen-’ative. 


TOTAL  PRESSURES 
OVER  AQUEOUS  SOLUTIONS 
OF  DOWFROST 
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TOTAL  PRESSURES 
OVER  AQUEOUS  SOLUTIONS 
OF  DOWTHERM  SR-1 
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Thermal  conductivity  is  a 

measure  of  the  rate  with  which 
fluid  can  conduct  heat  away  from 
a heated  surface  of  a given  size. 
Plain  water  has  the  highest 
thermal  conductivity. 


THERMAL  CONDUCHVITIES 
OF  AQUEOUS  SOLUTIONS 
OF  DOWFROST 
BTU/HR  FT  (°F/FT) 


Specific  heat  is  the  amount 
of  heat  required  to  raise  a unit 
weight  of  a substance  one  degree 
in  temperature,  expressed  as 
BTLI/LB./°F  or  Calories/g/°C. 
Specific  heat  of  water  at  room 
temperature  is  approximately  1. 
Specific  heats  of  glycols  vary  with 
temperature  and  are  shown  here. 
As  expected,  the  more  water,  the 
higher  the  specific  heat  of  a glycol 
solution. 


SPECIFIC  HEATS 
OF  AQUEOUS  SOLUTIONS 
OF  DOWFROST  AND 
DOWTHERM  SR- 1 (BTU/LB°F) 
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THERMAL  CONDUCnVITIES 
OF  AQUEOUS  SOLUTIONS 
OF  DOWTHERM  SR-1 
BTU/HR  FT  (°F/FT) 
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NOMENCLfflTURE  AND  SYMBOLS 


SUBSCRIPTS 


inside 

outside 

wall 


Specific  Heat Btu/(lb)  (°F) 

Diameter inch 

Friction  Factor ftVin- 

Mass  Velocity lb/(sec)(ft-) 

Average  Film  Coefficient . . . Btu/(hr)(ft-)(°F) 
Thermal  Conductivity  . . . . Btu/(hr)(ft2)(°F)(ft) 

Flow  Rate Gal/ min. 

Tube  Resistance (hr)(ft^)(°F)/Btu 

Overall  Heat  Transfer 

Coefficient Btu/(hr)(ft^)(°F) 

Fluid  Velocity ft/sec 

A P Pressure  Drop psi 

/i(m/i)  Viscosityu  = (CP  x 2.42)  . lb/(hr)(ft) 
p Density Ib/ft-"' 

Re  Reynolds  / 50.6  2^  'x  . . dimensionless 
number  I d/i  j 
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ENGINEERING  DATA 

FOR  DETERMINING  HEAT  TRANSFER 


This  section  contains  helpful  information  for 
engineers,  designers,  operators,  and  maintenance 
personnel  who  are  involved  in  problems  dealing 
with  heat  transfer.  It  includes  facts  about  film 
coefficients  and  pressure  drop  in  pipes  for  aqueous 
solutions  of  DOWFROST  and  DOWTHERM  SR-1 
heat  transfer  fluids  and  for  water. 

Heat  transfer  coefficients 
The  overall  heat  transfer  coefficient  (U)  must  be 
determined  in  order  to  evaluate  the  heat  transfer 
surface  required.  The  overall  heat  transfer 
coefficient  is  influenced  by  the  fluid  film  heat 
transfer  rates  on  each  side  of  the  tube  (h,  and 
ho)  and  the  resistance  through  the  tube  wall 
(r^).  In  terms  of  these  individual  factors,  the 
following  equation  can  be  written: 

1 = i + 1 + r„ 

LI  hi  h„ 

If  one  film  coefficient  is  small  and  the  other 
very  large,  the  smaller  coefficient  provides  the 
major  resistance  to  heat  flow.  The  overall  heat 
transfer  coefficient  for  the  equipment  is  then  very 
l^arly  equal  to  the  smaller  or  “controlling”  film 
coefficient.  In  many  applications  where 
DOWEROST  or  DOWTHERM  SR-1  heat  transfer 
fluid  is  used,  it  is  the  fluid  being  processed  that 
offers  the  major  resistance  to  heat  transfer.  In 
such  cases,  the  overall  coefficient  can  be 
significantly  increased  only  by  increasing  the  film 
coefficient  of  that  other  fluid. 

Liquid  film  coefficients  for  30,  40  and  50% 
solutions  of  DOWEROST  and  DOWTHERM  SR-1, 
and  for  water,  are  shown  on  pages  26  through 
29.  These  film  coefficients  are  based  on  the 
Sieder  and  Tate  correlating  equation: 

M = 31,06  0,8  0.33  0.14 

These  calculations  are  based  on  the  assumption 
that: 


This  correlation  holds  only  for  turbulent 

flow  and  should  not  be  used  for  Reynolds  numbers 

less  than  5000. 


Pressure  drop 

When  a fluid  flows  over  either  a stationaiy  or  a 
moving  surface,  the  pressure  of  the  fluid  decreases 
along  the  surface  due  to  friction.  This  is  called 
the  pressure  drop  of  the  system.  The  Darcy 
equation  for  pressure  drop  of  fluids  in  turbulent 
flow  is: 

AP,0()  = 0. 129*1  = 0.0216  MT 

d d^ 

Values  of  f may  be  obtained  from  f versus 
Reynolds  number  plots  given  in  standard  texts. 

Pressure  drops  for  30,  40  and  50%  solutions 
of  DOWFROST  and  DOWTHERM  SR-1,  and  for 
water  flowing  in  pipes  are  shown  on  pages  30 
through  33. 


UQUID  FILM 
COEFFICIENTS  FOR 
30%  VOLUME  DOWFROST 
INSIDE  PIPES  AND  TUBES 
(TURBULENT  FLOW  ONLY) 


UQUID  FILM 
COEFFICIENTS  FOR 
40%  VOLUME  DOWFROST 
INSIDE  PIPES  AND  TUBES 
(TURBULENT  FLOW  ONLY) 


FLOW  RATE  FACTOR,  (di)  (G)  = (di)  (v)  (p) 
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UQUID  FILM 
COEFFICIENTS  FOR  30% 
VOLUME  DOWTHERM  SR-1 
INSIDE  PIPES  AND  TUBES 
(TURBULENT  FLOW  ONLY) 


LIQUID  FILM 
COEFFICIENTS  FOR  40% 
VOLUME  DOWTHERM  SR-1 
INSIDE  PIPES  AND  TUBES 
(TURBULENT  FLOW  ONLY) 


27 


LIQUID  FILM 
COEFFICIENTS  FOR 
50%  VOLUME  DOWFROST 
INSIDE  PIPES  AND  TUBES 
(TURBULENT  FLOW  ONLY) 


LIQUID  FILM 

COEFFICIENTS  FOR  WATER 
INSIDE  PIPES  & TUBES 
(TURBULENT  FLOW  ONLY) 
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UQUID  FILM 
COEFFICIENTS  FOR  50% 
VOLUME  DOWTHERM  SR-1 
INSIDE  PIPES  AND  TUBES 
(TURBULENT  FLOW  ONLY) 
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FACTOR  FACTOR 


PRESSURE  DROP  VS.  FLOW  RATE 
OF  30%  VOLUME  DOWFROST 
IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 


TEMPERATURE  CORRECTION 
MUmPLIER  FACTOR,  30%  SOL 
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PRESSURE  DROP  VS.  FLOW  RATE 
OF  40%  VOLUME  DOWFROST 
IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 


TEMPERATURE  CORRECTION 
MULTIPLIER  FACTOR.  40%  SOL. 
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PRESSURE  DROP  VS.  FLOW  RfflTE 
OF  30%  VOLUME  DOWTHERM  SR-1 
IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 


PRESSURE  DROP  VS.  FLOW  RATE 
OF  40%  VOLUME  DOWfflERM  SR-1 
IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 
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FACTOR  FACTOR 


PRESSXJRE  DROP  VS.  FLOW  RATE 
OF  50%  VOLUME  DOWFROST 
IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 


TEMPERATURE  CORRECTION 
MULTIPLIER  FACTOR,  50%  SOL 
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PRESSURE  PROP  VS.  FLOW  RATE 
OF  WATER  IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 


TEMPERATURE  CORRECTION 
MIB-TIPLIER  FACTOR.  WATER 
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PRESSURE  DROP  VS.  FLOW  RATE 
OF  50%  VOLUME  DOWIHERM  SR-1 
IN  SCHEDULE  40  PIPE 
(TURBULENT  FLOW  ONLY) 


TEMPERATllRE  COmERSION 

op 

°C 

op 

°C 

op 

°C 

op 

°C 

op 

°c 

-40 

-40.00 
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+11.11 
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+28.89 

+ 170 
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+ 12.22 
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+30.00 

+ 180 
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TOXICOLOGICAL  INFORMATION  AND  CORROSION  CHARACTERISTICS 
OF  DOWFROST  & DOWTHERM  SR-1  HEAT  TRANSFER  FLUIDS 


-# 

Toxicology  of  DOWFROST 

Propylene  glycol,  the  major  component  in 
DOWROST,  is  extremely  low  in  acute  oral 
toxicity.  The  single  dose  LD50  values  for  rats, 
rabbits  and  dogs  have  been  found  to  be  greater 
than  or  equal  to  20  grams  per  kilogram  of  body 
weight.  As  much  as  one-fourth  to  one-half  of 
propylene  glycol  ingested  by  humans  appears 
unchanged  in  the  urine  in  24  hours. 

Chronic  oral  toxicity  is  also  very  low.  Rats 
receiving  drinking  water  containing  up  to  10%  of 
propylene  glycol  over  a period  of  140  days  develop 
no  ill  effects  as  reflected  by  growth  or  kidney 
effects.  Rats  receiving  4.9%  in  their  diet  for  24 
months  were  normal  in  their  growth.  They  did 
sustain  very  slight  liver,  but  no  kidney,  injury. ' 

Propylene  glycol  causes  no  serious  skin 
irritation.  Very  severe  prolonged  exposure  may, 
however,  produce  slight  irritation  or  softening  of 
the  skin  comparable  to  that  caused  by  glycerine 
under  similar  conditions.  There  is  no  evidence 
that  propylene  glycol  is  absorbed  through  the  skin 
^»nificant  amounts  and  it  is  not  expected  to 
cause  irritation  when  in  contact  with  the  eyes. 

;i  Inhalation  of  atmospheres  containing  propylene 
' glycol  present  no  hazard  to  health  due  to  its  low 
■ toxicity  and  low  vapor  pressure. 

DOWFROST  heat  transfer  fluid,  containing 
dipotassium  phosphate,  presents  no  more  hazard 
! than  pure  propylene  glycol.  The  dipotassium  phos- 
phate used  in  DOWFROST  is  food  grade  material. 
Toxicology  of  DOWTHERM  SR-1 
DOWTHERM  SR-1  heat  transfer  fluid  has  a mod- 
erate acute  oral  toxicity  for  humans,  but  should 
present  no  significant  problem  from  ingestion 
incidental  to  industrial  handling  or  general  use. 

The  single  oral  dose  of  ethylene  glycol,  the 
j primary  component  of  DOWTHERM  SR-1,  lethal 
: for  humans,  has  been  estimated  at  1.56  g/kg  or 
about  100  ml.  (Ill  g)  per  person.  The  undiluted 
, material,  other  than  causing  slight  pain,  is 
essentially  non-irritating  to  the  eyes. 


Special  precautions  should  be  unnecessary  for 
industrial  handling  although  direct  contact  of  the 
liquid  with  food  products  should  be  avoided. 

Undiluted  DOWTHERM  SR-1  heat  transfer 
fluid  is  essentially  harmless  to  exposed  skin  and 
is  not  likely  to  be  absorbed  through  skin  in  toxic 
amounts.  It  may  be  slightly  irritating,  if  confined 
to  the  skin,  comparable  to  the  irritation  caused 
by  glycerine  under  similar  conditions.  Generally 
spealdng,  ordinary  care  and  cleanliness  should  be 
adequate  to  avoid  skin  irritation. 

Inhalation  of  vapors  or  mists  from  hot 
solutions  of  ethylene  glycol  could  cause  throat  or 
eye  irritation  and  should  be  avoided. 

The  inhibitor  for  DOWTHERM  SR-1  heat 
transfer  fluid  has  low  oral  toxicity  and  should 
present  no  problem  from  ingestion  incidental  to 
industrial  handling  and  use.  Skin  contact  with 
this  inhibitor  should  not  cause  significant 
irritation.  Prolonged  skin  exposure  may  result  in 
moderate  irritation.  The  inhibitor  for  DOWTHERM 
SR-1  is  not  likely  to  be  absorbed  through  the  skin 
in  toxic  amounts.  Reasonable  care  and 
personal  cleanliness  should  be  adequate  to  avoid 
skin  difficulties. 

Care  to  avoid  eye  contact  is,  of  course, 
recommended.  Eye  contact  may  cause  pain  and 
slight  transient  irritation,  but  no  corneal 
injury  is  likely. 


'“Industrial  Hygiene  and  Toxicology",  Frank  A.  Patty,  Editor,  1981, 
Interscience  Publishers. 
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Corrosion  characteristics 

There  are  two  ways  in  which  the  inhibitors  in 
DOWFROST  and  DOWTHERM  SR-1  fluids  provide 
corrosion  protection  for  most  common  metals 
found  in  food  processing  and  heat  transfer 
equipment.  First,  they  piissivate  the  surface  of  the 
metals.  The  second  Rinction  of  these  inhibitors 
is  to  buffer  any  acids  that  may  be  formed  as  the 
glycols  oxidize.  Such  acids,  if  left  in  solution, 
would  lower  the  pH  and  contribute  to  corrosion. 
The  amount  of  buffering  capacity  and  related 
corrosion  protection  relates  directly  to  the  amount 
of  inhibitor  in  solution.  The  standard  ASTM 


D 1384  corrosion  test  is  a screening  test  which 
measures  the  relative  passivity  protection  provided 
by  different  solutions  on  standard  metals  under 
standard  test  conditions. 

The  data  above  shows  relative  corrosion 
rates  in  ASTM  D 1384  for  DOWFROST  and 
DOWTHERM  SR-1,  compared  to  uninhibited 
glycols  and  plain  water.  Under  the  conditions  of 
the  test,  the  solutions  of  DOWFROST  and 
DOWTHERM  SR-1  fall  well  within  what  would  be 
considered  adequate  for  this  screening  test.  Rates 
in  excess  of  0.5  mpy  (2.5  mpy  for  aluminum) 
would  generally  not  be  considered  adequate  for 
corrosion  protection. 

However,  it  should  be  noted  that  the 
presence  of  excessive  amounts  (>  50  ppm)  of 
contaminants  such  as  chloride,  sulfate,  or 
ammonia  could  contribute  to  system  corrosion  not 
evident  in  tests  such  as  those  reported  above 
where  dilution  water  wds  deionized. 

This  data  also  illustrates  how  uninhibite^^^ 
glycols  and  plain  water  can  become  corrosivU* 
relative  to  DOWFROST  and  DOWTHERM  SR-1. 
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HANDUNG,  STORAGE,  AND  DISPOSAL 
CONSIDERATIONS  FOR  DOWFROST  AND  DOWTHERM  SR-l 


storage  of  DOWFROST  and  DOWTHERM  SR-l  heat 
transfer  fluids  presents  no  unusual  problems.  The 
materials  do  not  readily  solidify;  are  relatively 
low  in  toxicity;  have  high  flash  points;  and  can 
be  handled  without  posing  a hazard  to  health. 

As  a precaution,  however,  sparks  or  flames  should 
be  avoided  during  transfer  or  processing  operations 
because  undiluted  glycols  can  be  ignited.  Tank 
tmck  shipments  can  be  emptied  into  storage 
tanks  or  clean  drums. 

Tank  storage 

Ordinary  steel  tanks  are  normally  satisfactory 
storage  for  DOWFROST  or  DOWTHERM  SR-l. 
However,  during  extended  storage,  slight 
discoloration  may  occur  from  iron  contamination. 
Rusting  in  the  vapor  space  where  there  is  no 
inhibitor  occurs  when  condensate  collects  on  the 
walls  and  oxygen  is  present.  This  problem  can 
be  minimized  by  closing  any  vent  to  the  tank  to 
limit  oxygen  intake.  To  eliminate  the  possibility 
of  iron  contamination,  stainless  steel,  aluminum, 
OLi)rdinary  steel  lined  with  vinyl  phenolic, 

M^oxy  resins  can  be  used  on  tank  construction. 

Insulation  and  heat  are  required  for  storage 
of  DOWFROST  or  DOWTHERM  SR-l  at  low 
temperatures.  This  will  prevent  freezing  or 
pumping  problems  due  to  high  viscosity. 
Maintaining  temperatures  above  35°F  is  usually 
sufficient  to  avoid  such  difficulty. 

Drum  storage 

DOWFROST  and  DOWTHERM  SR-l  heat  transfer 
fluids  may  be  stored  in  drums  in  which 
shipments  are  made.  Because  glycols  are 
hygroscopic,  it  is  important  that  the  drum  cap 
be  replaced  tightly  after  each  withdrawal  to  keep 
the  material  in  the  drum  from  absorbing  water. 
Drums  should  be  stored  inside  a heated  building 
during  the  cold  months.  This  will  ensure  the 
glycol  is  in  liquid  form  when  needed. 
Environmental  considerations 
The  bio-oxygen  demand  for  ethylene  and  propylene 
glycols  approaches  theoretical  value  in  the 
standard  20-day  test  period.  These  materials,  there- 
fore, are  readily  biodegradable  and  should  not  con- 
centrate in  common  water  systems.  The  possibility 
^^ajor  spills  in  lakes  or  rivers,  however, 

SRld  be  avoided,  since  rapid  oxygen  depletion 
may  have  harmllil  effects  on  aquatic  organisms. 


Spill,  leak,  and  disposal  procedures 

Using  appropriate  safety  equipment,  small  spills 
may  be  soaked  up  using  common  absorbent 
material.  For  large  spills,  the  fluid  should  be 
pumped  into  suitable  containers  located  in  diked 
areas.  The  residual  should  be  cleaned  up  with 
water.  The  concentrate  can  be  handled  according 
to  local,  state  and  federal  regulations. 

Salvage:  Some  distributors  of  DOWFROST 
and  DOWTHERM  SR-l  are  equipped  to  reclaim 
and/or  dispose  of  spent  or  contaminated  fluids. 
Occasionally,  where  regulations  permit,  diluted 
spent  fluids  that  are  not  otherwise  contaminated 
can  be  disposed  of  in  local  sewage  treatment 
facilities,  provided  those  facilities  are  advised  and 
prepared  for  such  disposal  in  advance.  Aerobic 
bacteria  easily  oxidize  the  fluids  to  carbon  dioxide 
and  water  within  the  usual  20-day  test  period. 

The  Dow  Chemical  Company  does  not  normally 
provide  a disposal  or  reprocessing  sewice  for 
spent  or  contaminated  glycol-based  fluids. 
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PREPilRING  SYSTEMS  FOR  THE  ADDITION 

OF  DOWFROST  OR  DOWTHERM  SR-1  HEAT  TRANSFER  FLUID 


In  existing  systems,  all  lines  and  materials 
should  be  cleaned  and  flushed  thoroughly  before 
charging,  particularly  if  the  old  liquid  is 
incompatible  with  the  new  inhibited  glycol.  A 
Dow  technical  service  representative  can  assist 
you  in  determining  compatibility  of  the  old 
liquid  with  DOWFROST  or  DOWTHERM  SR-1. 

It  is  important  that  all  rust,  scale,  and  sediment 
be  removed.  All  traces  of  chloride  should  also  be 
removed  from  the  system,  whether  it  is  from  old 
brine  or  from  acid  cleaner,  because  chlorides  can 
contribute  to  corrosion.  For  large  s)^tems,  or 
systems  with  corrosion  present,  consult  a 
professional  industrial  cleaning  organization, 
such  as  Dowell  Industrial  Service.  If  chemical 
cleaning  is  used,  it  is  important  that  all  traces  of 
the  cleaning  agent  be  removed,  and  the  system 
be  thoroughly  flushed  with  water. 

New  systems  typically  are  coated  with  oil, 
grease,  or  a protective  film  during  fabrication, 
storage,  or  construction.  Dirt,  solder  flux, 

^ding  and  pipe  scale  can  also  be  a problem, 
f^efore,  a thorough  cleaning  is  recommended. 
Solutions  of  1-2%  sodium  orthosilicate,  sodium 
metasilicate,  or  trisodium  phosphate  can  be  used 
with  water  for  flushing  the  S)^tem.  S)^tem  volume 
can  be  calculated  during  this  stage  either  by 
metering  in  the  initial  fill  of  the  system,  or  by 
chemical  analysis  of  cleaning  chemicals  after 
known  quantities  are  introduced  into  the  S)^tem. 
Solution  make-up 

Good  quality  water  must  be  used  for  fluid 
makeup,  with  particular  attention  given  to  low 
levels  (<  50  ppm)  of  chloride  (Cl~),  sulfate 
(SOT),  and  hard  water  ions.  Therefore  distilled 
water,  deionized  water,  or  boiler  condensate 
should  be  used.  If  good  quality  water  is  unavail- 
able, pre-diluted  solutions  of  DOWFROST  and 
DOWHERM  SR-1  are  available  by  special  order 
in  bulk  shipments. 

Automatic  water  make-up  systems  should  be 
avoided  in  order  to  prevent  undetected  dilution 
of  glycol  and  consequent  loss  of  protection.  Also, 
any  flush  water  remaining  in  the  system  after 
draining  should  be  accounted  for.  It  is  not 

ftual  for  hang-up  in  an  industrial  system  to 
1 up  to  20%  of  the  total  system  volume, 
although  10%  is  more  common. 


Determining  the  initial  quantity 
of  DOWFROST  or  DOWTHERM  SR-1 
needed  for  freeze-  or  burst-protection  or 
for  low  temperature  operations 

Concentration  of  DOWFROST  or  DOWTHERM  SR-1 
heat  transfer  fluid  needed  in  a system  depends 
on  the  kind  of  protection  you  want  in 
winter  or  the  temperature  at  which  you  wish  to 
operate  if  the  system  involves  refrigeration. 
“Freeze-protection”  is  required  in  refrigeration 
systems  or  if  frigid  fluid  needs  to  be  pumped. 
“Burst-protection”  is  adequate  if  at  any  time  the 
system  will  remain  dormant  during  below-freezing 
temperatures  ( < 32  °F),  frigid  fluid  will  not  be 
pumped,  and  slushy  conditions  can  be  tolerated. 

For  freeze-protection,  the  solution  must 
maintain  a freeze  point  several  degrees  below 
the  lowest  anticipated  ambient  temperature. 

Freeze  point  is  defined  as  the  point  at  which  the 
first  ice  crystals  form.  The  quantity  of  inhibited 
glycol  to  be  added  for  freeze-protection  can  be 
determined  by  referring  to  the  table  on  page  9- 
The  concentration  selected  should  have  a freeze 
point  of  at  least  5°F  below  the  lowest 
anticipated  temperature. 

For  burst-protection,  a 30%  solution  of 
DOWFROST  or  DOWTHERM  SR-1  and  water  is 
usually  adequate.  This  is  based  on  Dow  research 
and  a number  of  recommendations  from  equip- 
ment manufacturers.  However,  because  system 
designs  vary,  you’ll  want  to  discuss  this  subject 
with  the  manufacturer  of  your  system. 
Introducing  DOWFRO^ 
or  DOWTHERM  SR-1  into  your  system 
In  most  cases,  solutions  containing  DOWFROST 
or  DOWTHERM  SR-1  heat  transfer  fluid  are 
mixed  on  a volume  basis.  If  you  want  to  mix  by 
weight  percent,  the  table  on  page  l6  gives  you 
the  volume-to-weight  percent  conversion.  Here’s 
the  mixing  procedure. 

1.  Calculate  the  quantity  of  DOWFROST 
or  DOWTHERM  SR-1  needed  to  achieve  the 
desired  results. 

2.  Introduce  a sufficient  quantity  of  water  to 
check  the  system  for  tightness.  Pressure  testing 
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the  system  (at  about  twice  the  head  pressure  of 
the  pump)  at  this  stage  can  be  helpful.  Often 
pressure  testing  can  be  accomplished  during  the 
initial  cleaning  or  flushing  of  the  S)^tem. 

3.  Drain  enough  water  from  the  system  to 
provide  space  for  the  inhibited  glycol  quantity  as 
calculated  in  Step  1. 

4.  Add  the  correct  amount  of  DOWFROST  or 
DOWTHERM  SR-1  and  any  water  needed  to 
completely  refill  the  system,  allowing  for  liquid 
expansion  as  needed. 

5.  Circulate  for  at  least  24  hours  to  ensure 
complete  mixing.  Check  the  liquid  concentration 
with  a refractometer  or  other  method  to  assure 
the  correct  mixture  is  obtained. 


MAINTAINING  YOUR 

FLUID  AND  SYSTEM  FOR  MAXIMUM 

PERFORMANCE  AND  PROTECHON 


Increasing  the  concentration 
of  inhibited  glycol  in  yotir  system 

It  is  sometimes  necessary  to  increase  the 
concentration  of  a solution  in  your  system,  either 
to  protect  against  cold  weather,  or  to  replace  fluid 
lost  through  leakage  or  moisture  absorbed  from 
the  atmosphere.  Reconcentration  can  be  carried 
out  either  in  batch  or  continuous  operation. 
Analytical  service  from  Dow 
To  ensure  DOWFROST  and  DOWTHERM  SR-1  heat 
transfer  fluids  are  maintaining  the  proper 
inhibitor  levels  and  the  desired  freeze  point.  The 
Dow  Chemical  Company  provides  a product 
analysis  service  for  systems  containing  250  or 
more  gallons  of  glycol.  After  the  system  has  been 
filled  and  circulated  for  24  hours,  an  initial 
pint-sample  should  be  withdrawn  from  the  system 
and  sent  to: 

DOWFROST/DOWTHERM  SR-1  Fluid  Testing  Center 
Dow  Chemical  U.S.A.  / Larkin  Laboratories 
1691  North  Swede  Road  / Midland,  Ml  48640 

The  Anahtical  Sample  Identification  Sheet 
should  be  filled  out  completely  and  returned  with 
the  initial  sample.  A separate  sheet  should  be 
submitted  for  each  system  being  tested. 


After  the  system  is  in  operation,  it  is  rec- 
ommended that  samples  be  taken  at  least  once  a 
year.  Before  withdrawing  a sample,  the  fluid 
should  be  well  circulated  in-  the  system  so  the  sam- 
ple taken  is  representative.  Sample  bottles  and 
labels  are  available  from  your  Dow  representative. 

Approximately  three  weeks  after  the  sample 
is  received  at  Dow,  a report  will  be  returned 
showing  results  of  the  analysis,  unusual  or 
troublesome  conditions  (if  any),  and  recom- 
mendations. The  standard  analysis  includes 
concentration,  freeze  point,  pH,  reserve  alkalinity, 
and  appearance. 

For  customers  who  prefer  to  conduct  their 
own  analysis,  analytical  procedures  are  available 
on  request.  Write  the  address  shown  above  for 
more  information. 

Analytical  tools 

The  following  analytical  tools  can  be  purchased 
through  your  Dow  representative  or  distributor. 
American  Optical  refractometer,  model  7391 

Refractometer  measures  the  glycol  concentrat^fc. 
of  solutions  of  either  DOWFROST  or  DOWTHEW 
SR-1,  and  gives  the  freeze  point  of  the  fluid. 

This  portable  instrument  requires  only  a few 
drops  of  fluid  for  testing,  needs  no  adjustment 
for  fluid  temperature,  and  is  reasonably 
accurate.  Diluted  solutions  with  concentrations 
from  0 to  55%  glycol  may  be  tested  directly; 
however,  concentrated  solutions  require  a simple 
dilution  procedure  prior  to  testing.  Instructions 
are  available  with  the  instrument. 

Test  kits 

Kits  consist  of  10  test  strips,  a color  chart,  and 
instructions.  The  strips  permit  quick  and  easy 
approximate  measures  of  freezing  point  and  reserve 
alkalinity  (inhibitor  level)  of  solutions.  They  will 
not  function  if  the  glycol  concentration  is  greater 
than  70%.  (The  color  development  of  strips  used 
to  test  DOWFROST  may  be  affected  by  some  dyes. ) 
Color  charts  include  gntyhs  to  help  determine 
solution  condition  based  on  reseiTe  alkalinity' 
and  concentration  readings.  More  exact  procedures 
are  required  to  determine  how  much  inhibitor 
must  be  added  to  solutions  in  poor  condition. 
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ANALVnCAL  SAMPLE  IDENnFICAIION  SHEET  FOR 
DOWFROST*  & DOWTHERM*  SR-1  HEAT  TRANSFER  FLUTOS 


IDENIIFICAnON 


Company 

Address 

City,  State,  Zip 

Attention 

DOWFROST DOWTHERMSR-1 


Distributor 

Address 

City,  State,  Zip 

Telephone 

Sample  point  in  unit 


SYSTEM  DATA 


System  capacity gallons.  Type  of  system 

Materials  of  construction  

Open  to  air  □ Yes  □ No  Age  of  system  _ 


INSTALLATION  DATA 


What  was  in  system  prior  to  DOWFROST  or  DOWTffERM  SR-1? 

Source  of  water:  Well  or  city  □ Distilled,  deionized  □ steam  consdensate  □ 

How  was  system  treated  prior  to  filling?  □ Drained  □ Flushed  □ Chemically  cleaned 
If  cleaned,  describe  procedure/chemicals: 


OPERATING  DATA 


Operating  temperature  range °F  Filtration,  if  any 

Age  of  fluid  in  unit  Changes  since  last  analyzed  (if  any) 


Make-up  requirements 


yearly 


Date 


Signed 


Send  with  sample  to: 

DOWFROST/DOWTHERM  SR-1  Fluid  Testing  Center 

The  Dow  Chemical  Company 

Larkin  Laboratories 

1691  North  Swede  Road 

Midland,  MI  48640 


Trademark  of  The  Dow  Chemical  Company 


WANT  MORE  INFORMATION? 


Although  this  brochure  gives  you  a complete 
overview  of  DOWFROST  and  DOWTHERM  SR-1 
heat  transfer  fluids,  you  may  still  have  particular 
questions  about  them  as  they  pertain  to  your 
system.  That’s  where  your  local  Dow  representative 
comes  in.  He  can  answer  those  questions.  Or  he’ll 
arrange  for  you  to  talk  with  our  technical 
service  people. 


ENGINEERING  AND  OPERATING  GUIDE 
FOR  DOWFROST  AND  DOWTHERM  SR-1 
HEAT  TRANSFER  FLUIDS 


DOW  CHEMICAL  U.S.A.  FUNCTIONAL  PRODUCTS  AND  SYSTEMS  DEPARTMENT 

AN  OPERATING  UNIT  OF  THE  DOW  CHEMICAL  COMPANY  MIDLAND,  MICHIGAN  48640 


AREA  HEADQUARTERS  OF  THE  DOW  CHEMICAL  COMPANY 

DOW  CHEMICAL  U.S.A 

DOW  CHEMICAL  LATIN  AMERICA 

DOW  CHEMICAL  EUROPE,  S.A 

DOW  CHEMICAL  PACIFIC  

DOW  CHEMICAL  CANADA  INC 

DOW  QUIMICA,  S.A 


. . . . MIDLAND,  Michigan  48640 
CORAL  GABLES,  Florida  33134 
. . . 8810  HORGEN,  Switzerland 
. . . P.O.  Box  711,  HONG  KONG 

SARNIA,  Ontario  N7T  7K7 

SAC  PAULO,  Brazil 


SALES  OFFICES  OF  DOW  CHEMICAL  U.S.A. 
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Exainp3.e  of  Simplified  Economic  Analysis 
Retrofit  SDHW  System  with  Natural  Gas  Back-up 


Assumptions 

1.  Four  occupants  use  70  gallons  per  day  of  140°F  hot  water. 

2.  The  existing  natural  gas  water  heater  is  50%  efficient. 

3.  The  installed  SDHW  system  and  DHW  energy  conservation 
measures  will  reduce  annual  natural  gas  use  by  75%. 

4.  The  installed  cost  of  the  SDHW  system  and  DHW  energy 
conservation  measures  is  $4000  and  the  homeowner  pays  cash 
for  the  system. 

5.  The  SDHW  system  and  conservation  measures  are  installed  in 
December  1983  and  the  expected  lifetime  of  the  system  is  at 
least  20  years. 

Using  the  above  assumptions  the  annual  natural  gas  use  for  water 
heating  before  solar  and  conservation  is  as  following: 

(70  gal./dav)(8.33  Ib/gal. )(lBtu/lbOF)(140O-50OF)(365  davs/vr) 

0.50  efficiency 

= 38.31  Million  Btu/yr 

The  annual  natural  gas  use  for  water  heating  after  solar  and 
conservation  is  the  following: 


(0.25)(38.31  Million  Btu/yr) 


9.58  Million  Btu/yr 


The  actual  installed  cost  of  the  SDHW  system  is 


$4,000.00 

Initial  Cost 

-1,600.00 

40%  Federal  Tax  Credit 

- 125.00 

Montana  Tax  Credit 

$2,275.00 

After  Tax  Credits. 
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(1)  Forecasts  of  the  price  of  natural  gas  are  based  on  the 
"nominal"  prices  given  in  Montana  Power  Company  forecasts 
reported  to  the  Montana  Public  Service  Commission.  Price 
in  $/1000  cubic  feet  x 1.02  equals  price  in  $/Million  Btu; 
assumes  a heat  content  of  980  Btu/cubic  foot. 

(2)  38.31  Million  Btu/yr  x Price  of  Electricity 

(3)  9.58  Million  Btu/yr  x Price  of  Natural  Gas 

(4)  Column  (2)  - Column  (3) 

(5)  Year-by-year  summation  of  Column  (4) 

(6)  Column  (4)  divided  by  $2,275  (actual  installed  cost)  x 100% 

"Bulk"  Price  for  Solar  Hot  Water 

$2.275  (Actual  Installed  Cost  of  System)  = $3.96 

20  years  x 38.31  Million  Btu/yr  x 75%  savings  Million  Btu 

Since  the  1984  natural  gas  price  is  $4.87,  the  "bulk"  price  of 
solar  hot  water  is  $0.91  cheaper  than  the  1984  natural  gas  price. 
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ECONOMIC 
ANALYSIS  OF 
RETROFIT 
SDHW  SYSTEM 
WITH  ELECTRIC 

BACK-UP 


Energy  Division 
Capitol  Station 
Helena,  PIT  59620 


Plontana  Department  of 
Natural  Resources  and  Conservation 


\ 


EXAMPLE  OF  SIMPLIFIED  ECONOMIC  ANALYSIS  RETROFIT 
SDHW  SYSTEM  WITH  ELECTRIC  BACK-UP 


Assumptions 


1.  Four  occupants  use  70  gallons  per  day  of  140°F  hot  water. 

2.  The  existing  electric  water  heater  is  85  percent  efficient. 

3.  The  installed  SDHW  system  and  DHW  energy  conservation 
measures  will  reduce  annual  electricity  use  by  75  percent. 

4.  The  installed  cost  of  the  SDHW  system  and  DHW  energy 
conservation  measures  is  $4000  and  the  homeowner  pays  cash 
for  the  system. 

5.  The  SDHW  system  and  conservation  measures  are  installed  in 
December  1983  and  the  expected  lifetime  of  the  system  is  at 
least  20  years. 


The  annual  electricity  use  for  water  heating  before  solar  and 
conservation  is  as  follows: 

(70  gal./dav)(8.33  Ib/gal. )(lBtu/lbOF)(140O-50°F)(365  davs/vr) 

0.85  efficiency 

= 22.54  Million  Btu/yr 

= 6604  kWh/yr 

The  annual  electric  use  for  water  heating  after  solar  and 
conservation  is: 


0.25  (22.54)  Million  Btu/yr 


5^54  Million  Btu/yr 


1651  kWh/yr 


G 


The  actual  installed  cost  of  the  SDHW  system  is: 


$4000.00  Purchase  Price 
-1600.00  40%  Federal  Tax  Credit 

- 125.00  Montana  Tax  Credit 
$2275.00  After  Tax  Credits 
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(1)  Forecasts  of  the  price  of  electricity  are  based  on  the 
"nominal"  prices  given  in  Montana  Power  Company  forecasts 
reported  to  the  Montana  Public  Service  Commission  and  on 
the  MPC  rate  increase  request  filed  in  September  1983. 
Price  in  cents/kWh  x 2.93  equals  price  in  $/Million  Btu. 

(2)  22.54  Million  Btu/yr  x Price  of  Electricity 

(3)  5.64  Million  Btu/yr  x Price  of  Electricity 

(4)  Column  (2)  - Column  (3) 

(5)  Year-by-year  summation  of  Column  (5) 

(6)  Column  (4)  - $2275  (actual  installed  cost)  x 100%. 

"Bulk"  Price  for  Solar  Hot  Water 

$2275  (Actual  Installed  Cost  of  System)  = $ 6.73/Million  Btu 

(20  years  x 22.54  Million  Btu/yr  x 75%  Savings) 


so  the  bulk"  price  of  solar  hot  water  is  $4.11  cheaper  per  million 
Btus  than  the  1984  electricity  price. 
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EXAMPLE  OF  SIMPLIFIED  ECONOMIC  ANALYSIS  RETROFIT 
SDHW  SYSTEM  WITH  ELECTRIC  BACK-UP 


Assumptions 

1.  Four  occupants  use  70  gallons  per  day  of  140°F  hot  water. 

2.  The  existing  electric  water  heater  is  85  percent  efficient. 

3.  The  installed  SDHW  system  and  DHW  energy  conservation 
measures  will  reduce  annual  electricity  use  by  75  percent. 

4.  The  installed  cost  of  the  SDHW  system  and  DHW  energy 
conservation  measures  is  $4000  and  the  homeowner  pays  cash 
for  the  system. 

5.  The  SDHW  system  and  conservation  measures  are  installed  in 
December  1983  and  the  expected  lifetime  of  the  system  is  at 
least  20  years. 


The  annual  electricity  use  for  water  heating  before  solar  and 
conservation  is  as  follows: 

(70  gal./dav)(8.33  Ib/gal. )(lBtu/lbOF)(140O-50OF)(365  davs/vr) 

0.85  efficiency 

= 22.54  Million  Btu/yr 

= 6604  kWh/yr 

The  annual  electric  use  for  water  heating  after  solar  and 
conservation  is: 

0.25  (22.54)  Million  Btu/yr  = 5.64  Million  Btu/yr  = 1651  kWh/yr 


The  actual  installed  cost  of  the  SDHW  system 


$4000.00  Purchase  Price 
-1600,00  40%  Federal  Tax  Credit 

- 125.00  Montana  Tax  Credit 
$2275.00  After  Tax  Credits 


The  following  table  shows  the  year~by~year  breakdown  of  forecasted  electricity  prices,  water  heating  costs  and 
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Payback-7  years 


Column 

Number 


f 

(1)  Forecasts  of  the  price  of  electricity  are  based  on  the 
"nominal"  prices  given  in  Montana  Power  Company  forecasts 
reported  to  the  Montana  Public  Service  Commission  and  on 
the  MPC  rate  increase  request  filed  in  September  1983. 

Price  in  cents/kWh  x 2.93  equals  price  in  $/Million  Btu. 

(2)  22.54  Million  Btu/yr  x Price  of  Electricity 

(3)  5.64  Million  Btu/yr  x Price  of  Electricity 

(4)  Column  (2)  - Column  (3) 

(5)  Year-by-year  summation  of  Column  (5) 

(6)  Column  (4)  - $2275  (actual  installed  cost)  x 100%. 


"Bulk"  Price  for  Solar  Hot  Water 

$2275  (Actual  Installed  Cost  of  System)  = $ 6.73/Million  Btu 

(20  years  x 22.54  Million  Btu/yr  x 75%  Savings) 

so  the  "bulk"  price  of  solar  hot  water  is  $4.11  cheaper  per  million 
Btus  than  the  1984  electricity  price. 
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RECOMMENDED 
TOOLS  FOR  SDHW 
INSTALLATIONS 


Energy  Division 
Capitol  Station 
Helena,  PIT  59620 


Plontana  Department  of 
natural  Resources  and  Conservation 


TOOLS  RECOMMENDED  FOR  SDHW  INSTALLATIONS 


*Truck  with  ladder /pipe  rack 

*Site  survey  tools  (compass  & inclinometer  — necessary;  sun  angle  and 
shadow  "finders"  - optional) 

^Tool  boxes  and  belts 

^Ladders  (6-foot  step  & extension  types-usually ; 
scaf f olding-occasionally) 

^Climbing  safety  equipment  (climbing  harness  with  tool  clip-on  loops, 
quality  climbing  rope,  tubular  nylon  webbing,  carabiners,  etc.) 

*Personal  safety  equipment  (safety  glasses/goggles,  gloves,  steel-toe 
work  boots,  hard  hat,  filter  respirators,  fire  extinguisher,  etc.) 

*Wrenches  (pipe,  crescent,  Allen,  open  and  box  end) 

*Pliers  (channel-lock,  needle-nose,  vise-grip,  lineman's) 

*Screwdrivers  (slotted  and  Phillips  head) 

*Hammers 

*Measuring  tapes 

*Socket  set  with  ratchet  and  extensions 
*Saws  (hand,  hack,  circular,  jig/sabre,  etc.) 

*Drill  (preferably  convertible  straight  to  right-angle  drill  with 
variable  speed  and  reverse) 

*Drill  bits  (metal  "twist,"  spade/Speedbore,  self-feed,  hole  saws, 
etc. ) 

*Chalkline 
*Plumb  bob 
*Torpedo  level 

*Combination  and  carpenter's  squares 

^Aviation  shears/tin  snips  ’’  , 

*Combination  wire  stripper/cutter/crimper  tool 

■■■■■ 

*Files  (flat  and  round  rat-tail)  v ' 


*Staple  gun 

*Utility/razor  blade  knife 

^Soldering  Kit  (50/50  tin/lead  solder,  95/5  tin/silver  solder,  flux 
and  brushes,  emery  sand  cloth,  fitting  cleaning  brushes,  tubing 
cutters,  torch  and  fuel,  ignitor/striker , reaming  tool, 
sizing/rerounding  tool,  etc.) 

*Tubing  bender  (for  Type  L copper  tube) 

*Trouble  lights 

*Extension  cords 

*Caulking  gun 

*Hand  truck/cart 

*Bicycle  air  pump  or  small  air  compressor 

*Sprayer  bottle  (for  air  pressure  testing  with  soap  solution) 

*Miter  box  or  tube  (for  mitering  rigid  pipe  insulation) 

*Volt-ohm  meter 

*Thermometer  (dial  type  or  digital  with  various  probes) 

*Transfer  pump  and  buckets  (for  closed-loop  antifreeze  systems) 
*Garden  hose  and  fittings  (for  draining  tanks) 

*Broom 
*Drop  cloth 
*Rags 
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INVENTORY  AND 
SPARE  PARTS 

FOR  SDHW 
INSTALLERS 


Energy  Division 
Capitol  Station 
Helena,  NT  59620 


Montana  Department  of 
Natural  Resources  and  Conservation 


INVENTORY  & SPARE  PARTS  FOR  SDHW  IMSTALLATIOHS 
*Solar  collectors  with  spare  glass,  gaskets,  etc. 

*Mounting  hardware  (mounting  channel,  aluminum  extrusions,  stainless 
steel  threaded  rod,  washers,  nuts,  machine  bolts,  lag  bolts,  etc.) 

*Storage  tanks  with  spare  anodes 

*Drain“back  tanks 

*Heat  exchangers 

*Copper  tubing  (commonly  Types  M and  L in  1/2,  3/4,  & 1”  tube  sizes) 

*Copper  fittings  (elbows,  tees,  male  and  female  adapters,  regular  and 
reducing  couplers,  bushings,  caps,  etc.) 

*Union8  (brass  and  dielectric) 

*Valves  (pressure  relief,  pressure/temperature  relief,  ball,  gate, 
boiler  drain,  check,  drain-down,  tempering,  etc.) 

^Vacuum  breakers 

*Air  vents 

^Expansion  tanks 

*Pipe  supports  and  plumber's  tape 
^Stainless  steel  hose  clamps 
*Circulator  pumps 
*Pressure  gauges 
*Thermometers 

*Flow  meters  and  indicators 

*Pipe  insulation  (interior  and  exterior) 

*Exterior  paint  (for  protecting  exterior  pipe  insulation) 

*Tank  insulation  (vinyl-covered  fiberglass) 

*Insulated  flex  ducting  (for  air-based  systems) 

*Duct  tape  & electrical  tape 


*Contact  cement 


*Roof  jacks/pipe  flashings 
*Pt.oofiag  cement 
*Silicone  caulk 

^Transfer  fluids  (glycols,  silicone  oil,  distilled  water,  etc.) 

*Dif f erential  temperature  controls  and  sensors 

^Electrical  and  wiring  materials  (sensor  wire,  romex  power  cable,  SJ 
power  cord,  rigid  & flexible  conduit,  electrical  connectors,  wire 
nuts,  solderless  crimp  connectors,  etc.) 


Notes : 1)  The  actual  inventory  of  equipment  stocked  depends  on  the 

type  of  SDHW  6ystem(s)  the  dealer/installer  specializes 
in. 

2)  The  major  system  components  such  as  collectors,  tanks, 
pumps,  heat  exchangers,  and  controls  can  be  ordered  on  a 
job-by-job  basis.  However,  it  is  advisable  to  select 
particular  lines  of  equipment  so  that  ordering,  spare 
parts  stocking,  and  maintenance  are  simplified. 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  20(p  per 
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AN  IXAMPLE  BID 

FOR  SDHW 
INSTALLATIONS 


Energy  Division 
Capitol  Station 
Helena,  PIT  59620 


Montana  Department  of 
Natural  Resources  and  Conservation 


EXAMPLE  SDHW  SYSTEM  BID 


The  following  sample  SDHW  system  bid  shows  the  component  price 
breakdown  for  a typical  closed-loop  antifreeze  SDHW  system  in  a 
residential  retrofit.  The  solar  collectors  are  roof-mounted  in  a 
vertical  tilt-up  configuration.  The  assumed  residence  is  a 
ranch-style  house  with  attic  and  full  basement.  The  existing  water 
heater  is  electric  and  is  located  in  the  basement.  The  SDHW  system 
will  be  tied  into  the  existing  water  heater. 


The  list  prices  shown  in  the  bid  below  are  based  on  a 15  percent 
shipping  and  handling  charge  and  up  to  a 20  percent  mark-up  on 
equipment  for  profit  and  overhead  for  the  solar  dealer/installer. 


The  bid  is  intended  as  an  example  only.  Other  system 
configurations,  equipment  types  and  sizes,  shipping  charges,  mark-ups 
for  profit  and  overhead,  etc.,  will  alter  the  bid  results.  The 
dealer/installer  should  price  each  installation  on  an  individual  basis 
and  adjust  shipping,  mark-up,  labor  costs,  etc.,  for  his  or  her 
particular  business  situation. 


EQUIPMENT 

DESCRIPTION  LIST  PRICE 


Collectors  & Mouatiag 

2 3 by  8 foot  flatplate 
collectors  with  single 
low-iron  tempered  glass 
and  selective  surface 
absorber  $1076 

2 sets  of  vertical  tilt- 
mounting hardware,  threaded 
rod,  nuts,  washers,  attic 
spanners,  etc.  $138 

Storage  Tank 

80-gallon  solar  storage 
tank,  glass-lined, 
magnesium  anode 

R-20  rigid  foam  insulation  $566 

Pumps 

Solar  loop  pump,  1/25-HP 

wet  rotor  cartridge  circulator 
with  cast  iron  housing, 

16  ft  head  max  $104 


Water  loop  pump,  1/40  HP  wet 
rotor  cartridge  circulator 
with  bronze  housing,  10  ft 
head  max  $117 

Piping.  Fittings.  & Insulation 

80  ft  Type  L 3/4"  copper  tube  $48 

Miscellaneous  copper  fittings  $35 

95/5  tin-silver  solder,  flux, 

propane,  pipe  dope  $20 

Dielectric  unions  $28 

6 ft  interior  R-4  elastomer 

pipe  insulation  $60 

10  ft  exterior  R-7  urethane 

foam  pipe  insulation  $15 

Plumbing  Specialties 

Diaphram-type  expansion  tank  $48 

Hot  water  tempering  valve  $42 

Isolation  ball  valves  (5)  $45 

Automatic  air  vent  $21 

Swing  check  valve  $15 

Solar  loop  pressure  relief  valve  $15 
Pressure/temperature  relief  valve  $8 


PERCENT  OF 
TOTAL  SYSTEM  PRICE 


30.7  percent 

14.3  percent 


5.6  percei;it 
5.2  percent 


5.2  percent 


5.0  percent 


EQUIPMENT 

DESCRIPTION 


LIST  PRICE 


PERCENT  OF 
TOTAL  SYSTEM  PRICE 


Heat  Exchanger 

External  counterflow  type  with 
double-wall  construction  and 


leak  detection 

$145 

3.7 

percent 

Control 

Differential  temperature  control 
with  sensors  (2),  8/3°F 
on/off  differentials,  high 
storage  limit  shutdown 

$125 

3.2 

percent 

Monitoring  Instruments 

0-100  psi  pressure  gauge 

In-line  dial  thermometers  (3) 
In-line  solar  loop  flowmeter 

$10 

$66 

$42 

2.9 

percent 

Hot  Water  Conservation  Measures 
Water  heater  insulation  jacket 
Low-flow  shower  heads  (2) 
Low-flow  faucet  aerators  (3) 

$18 

$36 

$36 

2.3 

percent 

Miscellaneous  Materials 

Sensor  and  120  VAC  wiring  and 
connectors 

Roof  jacks,  silicone  caulking, 
roof  cement,  exterior  paint, 
duct  tape 

$30 

$27 

1.5 

percent 

Antifreeze  Transfer  Fluid 

Solar  grade  inhibited  propylene 
glycol  (5  gallons,  mixed  60/40 
with  water) 

$50 

1.3 

percent 

Installation  Labor 

8 man-days  (§  $1 20/man-day 

$960 

24.3 

percent 

Total  System  Bid  (before  solar 

$3,950 

100.0 

percent 

tax  credits) 


600  copies  of  this  public  document  were  published  at  an  average  estimated  cost  of  20<p  per 
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RESOURCE  LIST/MONTANA  CONTACTS  FOR  SDHW  SYSTEMS  & INFORMATION 


NOTE:  The  Department  of  Natural  Resources  and  Conservation  does  not 
approve  or  sanction  any  of  the  following  companies.  The  list  is 
presented  simply  as  an  initial  contact  source  for  individuals 
interested  in  obtaining  further  information  on  solar  hot  water.  This 
list  is  by  no  means  exhaustive,  and  individuals  should  seek  out  other 
sources  of  information. 


Billings  Area 

1)  JACO  Energy  Brokers,  Inc.  (June  Cole  & Larry  Munyan) 
111  Main  St.  Suite  8 

Billings,  MT  59105 
252-8242 

2)  Solar  Works,  Inc.  (Larry  Drake  & Jim  Chauncey) 

2108  Broadwater  Ave. 

Billings,  MT  59102 
652-3770 

3)  Dopier  Solar  Construction  (Pat  Dopier) 

P.O.  Box  54 

Red  Lodge,  MT  59068 
446-3021 

4)  Contech  Distributing  Co.  (Fred  Wilson) 

2139  Broadwater  Avenue 

Billings,  MT  59101 
656-3813 

5)  Solar  Hardware  (Alan  & Sandra  Champlin) 

217  W.  Main 

Laurel,  MT  59044 
628-6108 

Bozeman  Area 


1)  SunCraft  Appropriate  Energy  Alternatives,  Inc. 
(Dale  Pickard  & Bob  Knebel) 

135  E.  Main/  P.O.  Box  1146 
Bozeman,  MT  59715 
587-3442 

2)  Fowlkes  Engineering  (Charless  Fowlkes) 

31  Gardner  Park 

Bozeman,  MT  59715 
587-3779 


3)  Brelsford  Engineering  (Don  Brelsford) 

P.O.  Box  1252 

Bozeman,  MT  59715 
587-8486 

4)  Homestead  Alternative  Concepts  (Dave  Williams) 
322  W.  Beall 

Bozeman,  MT  59715 
587-8429 

5)  Solar  Mountain  Co.  (M.J.  McBeen) 

Box  64 

Gardiner,  MT  59030 
848-7  280 

Missoula  Area 


1)  Energy  Options,  Inc.  (Scott  Sproull) 
240  North  Higgins 

Missoula,  MT  59801 
721-2733 

2)  Sun  House  Energy  Products 
1400  Russell 
Missoula,  MT  59801 
721-5549 

3)  South-Wall  Builders  (Steve  Loken) 

P.O.  Box  8872 

Missoula,  MT  59807 
549-7678 

4)  Solar  Structures 
132  Speedway  Ave. 

Missoula,  MT  59602 
543  -7  446 

5)  Fullerton's  Plumbing  & Heating 
401  W.  Main 

Hamilton,  MT  59840 
363-3122 

6)  Sunset  Solar  Construction  (Dick  Dill) 
915  Pine  Hollow  Rd. 

Stevensville,  MT  59870 

777-3168 

Lewistovn  Area 

1)  Eastman  Solar  (Kirk  Eastman) 

701  E.  Main 
Lewistown,  MT  59457 
538-2500 


2)  Fry  Plumbing  & Heating 
418  W.  Broadway 
Lewis town,  MT  59457 
538-3  237 

Great  Falls  Area 


1)  Decker  Engineering  (Glen  Decker) 

808  Tenth  Ave.  SW 
Great  Falls,  MT  59404 
761-0362 

Miles  City  Area 

1)  Solar  Design  (Tom  Mull) 

221  N.  Cottage  Grove 
Miles  City,  MT  59301 
232-4778 

2)  Solar  Ray 
Yellowstone  Valley 
Miles  City,  MT  59301 
232-0695 

Kalispell  Area 

1)  Sunstar  Solar  (Jerry  Brobst) 

P.O.  Box  786 

Bigfork,  MT  59911 
837-4483 

2)  Solar  Castles  (O.J.  Sova) 

P.O.  Box  1384 

Columbia  Falls,  MT  59912 
892-3582 

Butte/Dillon  Area 

1)  Dillon  Refrigeration  (Dan  Nitshe) 

332  W.  Morse 

Dillon,  MT  59725 
683-6441 

2)  NCAT  (Ray  Schott) 

Box  3838 

Butte,  MT  59702 
494-4972 

3)  Alexander  Solar  Construction  (Marty  Alexander) 
2618  Walnut 

Butte,  MT  59702 
782-1716 
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Energy  Division 
Capitol  Station 
Helena,  MT  59620 


Montana  Department  of 
Natural  Resources  and  Conservation 


SDHW  BIBLIOGRAPHY 
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The  Solar  Decision  Book  - Your  Guide  to  KakinR  a Sound  Investment. 

R.H.  Montgomery  with  Jim  Budnick.  Dow  Corning  Corporation, 
Midland,  MI,  1978. 

Principles  of  Solar  Engineering.  F.  Kreith  and  J.F.  Kreider. 

Hemisphere  Publishing  Corporation,  McGraw-Hill  Book  Company,  New 
York,  NY,  1978. 

Solar  Heating  Systems  - Analysis  and  Design  With  the  Sun-Pulse  Method. 

Gordon  Tully.  McGraw-Hill  Book  Company,  New  York,  NY,  1981. 

Solar  Thermal  Engineering  - Space  Heating  and  Hot  Water  Systems.  Peter 

J.  Lunde.  John  Wiley  & Sons,  Inc.,  1980. 

Installation  Guidelines  for  Solar  SDHW  Systems  in  One  and  Two-Family 

Dwellings.  2nd  Edition.  Franklin  Research  Center  for  U.S. 
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Comparing 
Collectors 

By  Jennifer  A.  Adams 

7^  ake  a sheet  of  rigid  polyurethane,  paint  it  black, 
cover  it  with  polyethylene  glazing,  frame  it  in 
pine,  and  you’ve  got  an  inexpensive,  efficient, 
long-lasting,  space-heating  collector.  Right?  Wrong. 
Cheap,  maybe;  durable  and  efficient,  no. 

A collector’s  maximum  efficiency  and  its  durability 
result  from  the  combination  of  materials  that  go  into  it.  If 
the  collector  described  above  were  actually  tested,  a 
closer  look  at  the  materials  and  performance  data 
would  reveal  a very  inefficient,  short-lived  collector. 

With  over  200  collector  manufacturers  in  the  market, 
with  kits  for  the  do-it-yourselfer,  and  so  many  different 
materials  and  configurations,  decisions  about  collectors 
for  a particular  application  can  be  very  difficult.  But  by 
decoding  available  test  data  and  knowing  the  limitations 
of  the  materials  and  how  they  affect  performance,  you’ll 
be  able  to  make  the  right  choice. 

Thermal  Efficiency  Curve 

Comparing  collectors  based  only  on  the  ratings  developed  with  the 
ASHKAE  Standard  93-77  tests  is  like  buying  an  automobile  based 
only  on  the  EPA  mileage  rating.  But  until  system  testing  becomes  a 
) reality,  tlie  data  from  the  ASHRAE  tests  are  the  only  way  to  compare 
the  thennal  performance  of  collectors  from  different  manufacturers 
for  a given  application. 

Typical  thermal  efficiency  curves  (TEC)  resulting  from  a plot  of 
sample  test  data  from  the  ASHRAE  Standard  93-77 — “Methods  of 
Testing  to  Determine  the  Thermal  Performance  of  Solar 
Collectors” — are  shown  in  Figure  1. 

Each  collector  is  tested  under  a prescribed  set  of  environmental 
conditions.  At  a constant  flowrate,  water  is  pumped  through  the 
collector,  and  the  temperature  rise  across  the  collector  is 
measured.  The  performance  equation  is  derived  from  the  test  data 
and  is  used  to  find  the  instantaneous  thermal  efficiency  of  a 
collector  in  a specific  range  of  conditions. 


Er  (r  a)  - FrUl  (ti  -ta) 


It 

7)  = instantaneous  thermal 
efficiency,  the  useful  energy 
divided  by  the  available 
Incident  solar  radiation 


Fr  = Collector  heat  removal  factor 
T = Cover  transmissivity 
a = Absorber  surface  absorptance 
Ul  = Collector  heat  losses 
ti  = Fluid  inlet  temperature 
ta  = Ambient  (outside)  temperature 
It  = Incident  solar  radiation 


The  equation  simply  states  that  the  efficiency  for  a specific  set  of 
operating  conditions  is  the  ratio  of  the  amount  of  usable  energy 
produced  by  a collector  to  the  amount  of  solar  radiation  incident  on 
the  face  of  the  collector.  The  maximum  efficiency  possible  is  equal 
to  one  when  the  collector  temperature  is  higher  than  the  ambient 
temperature.  Unglazed  pool  collectors  often  operate  at  temper- 
atures below  ambient,  resulting  in  efficiencies  greater  than  one. 
(Here,  the  collector  is  actually  gaining  heat  from,  rather  than  losing 
heat  to,  the  air.) 

The  fluid  parameter  is  (tj  -tj/lt,  a combination  of  variables 
^ measured  during  the  test.  The  fluid  inlet  temperature  is  varied  four 
times  to  provide  data  in  four  different  temperature  rcinges.  The 

Jennifer  A.  Adams  is  a solar  designer  and  technical  writer  with  Write 
Design,  Boulder,  CO,  and  author  of  The  Solar  Church — case  studies  of 
solar  churches  in  America. 


fluid  parameter  = 


Figure  1 Plotting  ASHRAE  Standard  93-77  test  results  generates  the 
"Thermal Efficiency  Curve"  CFEC) 


Figure  2 Four  Sample  T hermal  Efficiency  Curves 


ambient  air  temperature  and  the  incident  solar  radiation  are  kept 
constant.  A total  of  16  different  data  points  (four  points  for  four 
ranges)  are  plotted  to  produce  the  TEC.  The  fluid  parameter  is 
plotted  along  the  x-axis. 

The  FrUl  product  is  a measure  of  how  well  the  collector  transfers 
the  energy  from  the  absorber  plate  to  the  heat  transfer  fluid,  and 
how  well  the  collector  prevents  heat  loss  to  the  outside.  The  ideal 
collector  heat  removal  factor  (Fr)  would  be  equal  to  one.  The 
absorber  plate  conductivity,  plate  thickness,  tube  diameter  and 
spacing,  and  the  conductivity  between  the  tube  and  plate  (in  liquid 
collectors)  are  some  of  the  factors  that  affect  the  value  of  Fr.  The 
ideal  collector  would  have  a value  of  Ur  equal  to  zero.  The  number 
of  cover  sheets,  the  surface  coating  on  the  absorber  plate,  and  the 
type  and  amount  of  insulation  surrounding  the  absorber  all  affect 
the  Ur. 

FrUl  is  the  slope  of  the  efficiency  curve.  The  greater  the  value  the 
steeper  the  TEC  slope,  and  the  faster  heat  is  lost  from  the  collector 
as  the  collector/ambient  temperature  difference  increases. 
Collectors  with  very  steep  slopes  are  better  suited  for  low 
temperature  applications,  such  as  swimming  pool  season 
extenders.  Collectors  with  very  shallow  slopes  are  better  for  high 
temperature  applications,  and  for  use  in  cold  climates. 

Fr(t  d)  is  the  measure  of  how  well  the  collector  can  capture  the 
sun’s  energy  and  transfer  it  to  the  heat  transfer  fluid.  The  ideal 
would  be  equal  to  one,  when  the  glazing  transmits  all  the  energy  and 
the  absorber  captures  all  the  heat.  The  transmissivity  is  ciffected  by 
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the  number  of  layers  of  glazing  and  the 
material  itself.  The  absorptance  is  affected 
by  the  type  of  coating — ^selective  or  non- 
selective — on  the  absorber  plate. 

Once  the  test  data  are  plotted  on  the 
graph,  Fr  (r  a)  is  found  at  the  intersection 
of  the  curve  with  the  y-axis.  That  point, 
Ccilled  the  intercept,  is  generally  regarded 
as  the  maximum  efficiency  of  that  collec- 
tor. This  would  occur  when  ti  equals  ta, 
making  the  fluid  parameter  and  heat  losses 
equal  to  zero. 

Figure  2 shows  the  curves  of  four  sample 
flat-plate  collectors.  As  the  fluid  parameter 
increases,  the  efficiency  in  each  case  de- 
creases. Figure  3 shows  the  general 
boundaries  for  different  collector  applica- 
tions. The  cloudier  emd  colder  your  cli- 
mate, the  further  you  should  look  towards 
the  right  side  of  each  range. 

Using  the  TEC 

The  output  of  a collector  at  a given  instant 
can  be  determined  by  using  the  TEC.  Two 
or  more  collectors  can  be  compared  using 
a given  fluid  inlet  and  ambient  temper- 
ature, and  incident  solar  radiation.  The 
TEC  can  only  tell  the  relative  difference 
between  collectors  in  that  particular  ap- 
plication. It  cannot  tell  you  directly  how  a 
collector  will  perform  on  a daily  or  yearly 
basis  without  algorithms  or  computer 
simulations. 

Example;  You  are  looking  for  a domestic 
hot  water  collector  to  be  used  in  Philadel- 
phia on  a year-round  basis.  You  are  an- 
ticipating an  inlet  temperature  of  1 10°F,  an 
average  summer  ambient  of  78°F,  and  an 
averc^e  winter  ambient  of  45°F.  The  aver- 


age hourly  radiation  during  the  winter  col- 
lection hours  of  9 to  3 (from  Table  1)  at  40° 
latitude  is  221  Btu/ft^,  and  in  the  summer 
collection  hours  from  8 to  4 is  224  Btu/ft^. 

winter  fluid  110° -45°  gog 

parameter  221 

summer  fluid  110° -78°  . 

= = 0.14 

parameter  224 

Projecting  the  fluid  parameters  verti- 
cally on  the  graph,  the  relative  efficiencies 
of  the  four  collectors  can  be  compared. 
The  unglazed  collector  is  inappropriate  for 
this  application.  The  double-glazed  flat- 
black  collector  j)erforms  significantly  bet- 
ter than  the  single-glazed  flat-black  in  the 
winter,  with  slightly  less  efficiency  in  the 
summer.  The  single-glazed  selective- 
surface  collector  outprerforms  them  both. 

The  next  step  would  be  to  have  the 
decilers  of  the  three  remaining  collectors 
run  computer  simulations  for  each  system 
in  your  application,  producing  a cost  per 
Btu  delivered  from  each  square  foot  of 
aperture  area.  Compare  the  costs. 

TEC  limitations 

The  TEC  curves  should  not  really  be  drawn 
with  a thin  line,  but  rather  with  a thick  bar 
that  reflects  the  ±5  percent  error  in  the 
test  data.  When  curves  are  directly  com- 
pared, this  range  should  be  remembered. 
Test  results  of  FrUl  and  Fr  (t  a)  are  not 
included  by  manufacturers  as  guarantees 
of  the  collector  performance.  They  are 
provided  for  the  same  reasons  that  the  EPA 
mileage  ratings  are  advertised  with  au- 


tomobiles. Just  because  the  car  says  it  will 
get  so  many  mpg,  that  doesn’t  mean  it  will 
(as  most  of  us  have  found  out).  Comparing 
TEC’s  is  only  one  part  of  choosing  a collec- 
tor.  One  should  also  compare  the  cost  and 
the  collector  materials. 

Cover  materials 

Collector  covers  transmit  sunlight  through 
to  the  absorber  plate  and  trap  its  energy 
there  after  it  has  been  converted  to  heat. 

The  ideal  glazing  would  be  transparent  to 
shortwave  light  energy  but  would  be  highly 
reflective  to  longwave  thermal  energy 
emitted  by  the  absorber.  It  would  have  a 
low  absorptivity  of  both  light  and  heat 
ener^,  be  highly  resistant  to  surface 
scratching  by  dust,  and  strong  enough  to 
resist  breakage  by  hail.  Self-supporting,  it 
must  be  able  to  carry  wind  and  snow  loads 
(check  local  codes  for  expected  loads).  It 
would  be  resistant  to  ultraviolet  (UV)  and 
high  temperature  degradation,  have  a low 
coefficient  of  thermal  expansion,  and  have 
a long  lifetime.  It  should  remain  attractive 
over  that  lifetime.  The  choices  are  regular 
glass,  low-iron  glass,  acrylics,  polycarbo- 
nates, fiberglass  reinforced  polyesters 
(FRP),  fluorinated  ethylene  propylenes 
(FEP),  and  polyvinyl  fluorides  (PVF)  (Table 
2). 

Glass  still  remains  the  primary  choice  in 
glazing  active  collectors.  Not  subject  to 
degradation,  it  would  have  an  infinite  life 
(in  building  terms)  if  it  were  unbreakable.^^ 
Only  tempered  glass  should  be  used  on^^ 
collectors.  Low-iron  glass  has  a high 
transmissivity,  which  it  retains  through  its 
life.  Glass  is  virtually  opaque  to  infrared 
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radiation.  Its  biggest  plus  to  the  market  is 
its  appearance. 

Plastics  have  a lower  cost  in  some  cases, 
and  good  impact  strength  in  others.  But 
abrasion,  degradation,  and  expansion  can 
be  major  problems.  Acrylics  or  polycarbo- 
nates should  not  be  used  as  exterior  glaz- 
ings in  dry  dusty  areas  because  they  can 
scratch  easily.  Many  plastics  are  highly 
transmissive  to  longwave  infrared  (IR) 
radiation,  letting  much  of  the  absorber’s 
energy  escape. 

Most  collectors  are  available  in  single- 
glazed  models;  some  are  available  with 
double  glazing.  The  higher  the  anticipated 
operating  temperature  of  die  collector,  the 
greater  the  need  for  two  layers  of  glazing. 
The  number  of  layers  is  chosen  with  the 


type  of  absorber  coating.  A selective  coat- 
ing is  usually  paired  with  one  layer  of  glaz- 
ing, and  a non-selective  surface  is  coupled 
with  one  or  two  layers.  A few  collectors  are 
available  with  a selective  surface  and  two 
layers.  Two  layers  are  recommended  in 
high  wind  speed  areas  and  in  areas  of  low 
winter  ambient  temperatures. 

If  the  collector  operating  temperature  is 
less  than  150°F,  only  one  cover  may  be 
necessary,  with  two  covers  often  desired 
for  temperatures  above  180°F.  The  differ- 
ence in  temperature  between  the  plate  and 
the  ambient  is  a measure  of  the  need.  If  the 
At  is  less  than  10°F,  no  cover  is  necessary. 
Between  10°  and  60°,  one  cover  is  recom- 
mended; between  60°  and  100°,  two  covers 
are  recommended. 


Absorber  coatings 

Absorber  plates  are  coated  with  surfaces 
that  absorb  as  much  sunlight  as  possible, 
converting  it  to  heat.  “Selective  surfaces” 
try  to  prevent  reradiation  of  that  infrared 
radiation  back  through  the  glazing.  The 
characteristics  of  the  coating  affect  the 
TEC  intercept  and  slope.  The  greater  the 
absorptance,  the  greater  the  efficiency. 
The  smaller  the  emissivity  (e)  of  a surface, 
the  less  heat  is  lost  through  reradiation. 
The  ideal  surface  would  have  an  ab- 
sorptance of  one  but  an  emissivity  of  zero. 
It  would  be  resistant  to  degradation  by 
moisture,  UV,  high  temperatures,  and  tem- 
perature cycling.  The  choices  are  flat- 
black  and  selective  paints,  and  electrop- 
lated or  chemical  bath  selective  surfaces 


Table  1 : Values  of  incident  solar  radiation  on  solar  collectors  facing  due  south  and  fixed  at  the  angle  of  the  latitude* 


Solar  Time 


24° 

North  Latitude 
S Dec  21  June  21 


32° 

North  Latitude 
Dec  21  June  21 


40° 

North  Latitude 
Dec  21  June  21 


48° 

North  Latitude 
Dec  21  June  21 


56° 

North  Latitude 
Dec  21  June  21 


6 am/6  pm 

12 

16 

18 

19 

19 

7 am/5  pm 

9 

73 

76 

77 

77 

76 

8 am/4  pm 

116 

142 

90 

143 

45 

142 

140 

137 

9 am/3  pm 

198 

204 

180 

204 

152 

202 

98 

198 

4 

193 

10  am/2  pm 

258 

253 

244 

251 

221 

243 

180 

244 

95 

238 

11  am/1  pm 

295 

283 

282 

282 

262 

278 

226 

273 

154 

267 

12  noon 

308 

294 

295 

292 

275 

289 

241 

285 

173 

276 

Reprinted  by  permission. 
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•including  diffuse  radiation  (Reprinted  with  permissions  of  ASHRAE) 

Table  2:  Collector  glazings 


Glazings 

Low  Iron  Glass 
Acrylic 

Polycarbonate 

FRP 

FEP 

PVF 


Temperature  Applications 
Low  Medium  High 


Disadvantages 


1,0 

1.0 

1.0 

i,o 


1,0 

o 

o 

0 


e,s 

e,y,s 

w,e,y 

w,e 

w 


Expected 

Life 

% 

Solar 

Trans. 

% 

IR 

T rans. 

Max. 
Service 
Temp.  °F 

>50  yrs. 

91 

<2 

400-600 

25+ 

89 

<6 

160-200 

10-15 

74 

<6 

200-260 

8-12 

87 

2 

200 

20 

96 

58 

400 

5-10 

90 

58 

225 

i = recommended  inner  glazing:  o=recommended  outer  glazing;  — =not  recommended;  e=expansion;  w=wrinkling;  y-yellowing;  s-sagging. 
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Dana  Whittle 


Dana  Whittle 


Table  3:  Absorber 

coatings 

Coating 

a 

€ 

Non-selective  black  paint 

.90-.98 

.68-.90 

Selective  black  paint 

.90-.97 

.11 -.30 

Black  chrome  electroplate 

.87-.96 

.06-.25 

Black  copper  chemical  bath 

,88-.93 

.12-.20 

Black  nickel  electroplate 

.87-.96 

.06-.12 

Iron  oxide  chemical  bath 

.84-.90 

.07-.35 

Unsurfaced  EPDM 

.90 

.90 

(Table  3). 

Low  temperature  applications  do  not 
require  the  added  cost  of  more  efficient 
selective  surfaces;  flat-black  or  non-se- 
lective  surfaces  are  adequate.  The  higher 
the  operating  temperature  expected,  the 
greater  the  need  for  a selective  surface. 
Selective  surfaces  withstand  the  higher 
temjjeratures  better,  so  they  are  more  dur- 
able. They  also  increase  the  collector  effi- 
ciency dramatically  by  reducing  the  col- 
lector heat  losses  (Ul)  as  the  collector/ 
ambient  temperature  difference  increases. 
Electroplated  and  chemical  bath  selective 
surfaces  are  more  durable  than  painted 
surfaces  because  they  are  integral  with  the 
absorber. 

Absorber  plate 

The  absorber  plate  transfers  the  just- 
converted  heat  to  the  heat  transfer  fluid 
before  it  is  lost  to  the  surroundings.  The 
better  the  plate  does  its  job,  the  less  heat  is 
lost  from  the  collector,  and  the  more 
nearly  horizontal  the  TEC  slope.  The  ideal 
plate  would  be  made  of  a readily  abundant 
material  that  is  lightweight  but  strong,  and 
easy  to  manufacture.  It  would  resist  corro- 
sion and  have  a high  thermal  conductivity. 
Able  to  withstand  a service  temperature  of 
200°E  and  stagnation  temperatures  of 
400°E,  it  would  withstand  thermal  cycling 
of  -20°—400°F. 

Absorber  plates  are  available  in  plastics, 
carbon  and  stainless  steel,  aluminum,  and 
copper  (Table  4).  The  thermal  conduc- 
tance of  the  plate  is  based  on  the  conduc- 
tivity of  the  material  used  and  the  thick- 
ness of  the  plate.  The  diameter  of  the  tubes, 
how  close  they  are  together,  and  the  con- 
ductance of  the  joint  between  the  tubes 
and  the  plate  are  issues  particular  to  liquid 


collectors.  The  plate  configuration,  with 
the  goal  of  increased  heat  exchange  sur- 
face area  in  the  same  square  foot  collector 
size,  is  particular  to  air  collectors. 

Copper  is  the  material  used  in  the  major- 
ity of  liquid  collectors  because  of  its  high 
thermal  conductivity  and  durability.  It  is 
almost  twice  as  conductive  as  aluminum, 
and  eight  times  as  conductive  as  steel.  But 
tradeoffs  must  be  made  between  conduc- 
tance and  cost.  Even  with  its  very  low  con- 
ductivity, plastic  has  successfully  entered 
the  market  for  low  to  middle  temperature 
applications.  Treated  against  heat  and  UV 
degradation,  the  lower  conductivity  can  be 
made  up  with  a greater  collector  area. 

The  tubes  used  in  liquid  collectors  are 
usually  V4-  to  y2-inch  in  diameter,  and 
spaced  2-  to  6-inches  on  center.  Larger 
diameter  tubes  are  recommended  for 
those  areas  with  hard  water.  Scale  buildup 
will  have  a slower  effect  in  larger  diameter 
tubes.  Thermosiphoning  systems  should 
also  use  the  larger  diameters  to  reduce 
pressure  drops. 

The  tubes  are  attached  to  the  plate  in 
three  ways  (Figure  5).  The  “integral-tube” 
is  formed  at  the  same  time  as  the  plate  (A). 
“Tube-on-plate”  absorbers  are  made  of 
separate  plate  and  tubes,  which  are  con- 
tinuously soldered  or  welded  together  (B). 
“Tube-in-plate”  is  a fabrication  process 
where  the  tubes  are  pressed  into  the  plate, 
with  a continuous  contact  between  the  two 
(C). 

Good  thermal  performance  is  depen- 
dent on  a highly  conductive  bond  between 
the  tube  and  plate.  The  best,  but  more 
expensive,  is  the  integral.  A relatively 
new  ultrasonic  welding  process  is  being 
adopted  by  the  industry,  which  produces 
good  solid  contact  between  the  tube/plate. 


qiazinq 
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glazing 


glazing 
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Figure  S Examples  of  Various  Absorber  Plates  and  Collector  Construction 


Thermal  cement,  low  temperature  solders, 
clips,  clamps,  and  wires  are  unacceptable, 
because  they  do  not  provide  an  adequate, 
durable  thermal  bond. 

Copper  tubes  are  recommended  in  loca- 
tions with  highly  corrosive  waters.  Alumi- 
num and  steel  tubes  may  be  used  in  closed 
systems,  with  properly  treated  heat 
transfer  fluids.  Only  copper  or  stainless 
steel  can  be  used  safely  in  an  open  ^stem. 

Tube-in-plate  and  tube-on-plate  designs 
have  the  advantage  of  being  able  to  use 
copper  as  the  tube  material  and  a less 
expensive  material  as  the  plate.  As  long  as 
there  is  no  water  to  cause  galvanic  corro- 
sion between  the  two  dissimilar  metals,  a 
less  expensive  plate  is  possible.  Copper 
tubes  in  aluminum  plates  are  popular.  Col- 
lectors with  two-metal  plates  should  be 
totally  protected  from  the  elements  and 
sealed  against  leakage,  condensation,  or 
high  humidity.  Plates  of  dissimilar  metals 
should  never  be  used  in  unglazed  collec- 
tors. 

Air  collectors  have  a lower  vcflue  of  FrUl 
than  liquid  collectors,  due  to  a thin  film  of 
air  which  slows  the  transfer  of  heat  from 
the  plate  to  the  air.  Creating  air  turbulence 


Table  4;,  Absorber  materials 
and  conductivities 


Material  Conductivity 

(Btuhr/ft^  °F  in) 

Aluminum  56-90  (depending  on  alloy) 

Copper  227 

EPDM  2.4 

Plain  carbon  steel  30 

Stainless  steel  10 


helps  to  “scrub”  the  heat  off  the  plate,  and 
provides  more  surface  area  for  the  air  to 
pass.  Because  of  the  increased  surface 
necessary,  copper  is  rarely  used  as  an  air 
absorber  plate.  Methods  to  increase  the 
plate  surface  range  from  corrugated  sheets 
(D)  to  metal  screens  (E)  to  fabric  matrices 
(F)  (Figure  5).  Passing  the  air  above  or 
through  the  plate  can  increase  the  surface 
area  but  can  also  increase  the  heat  loss 
through  the  glazing. 

Insulation 

The  collector’s  insulation  slows  the  collec- 
tor side  and  back  heat  loss.  With  other 
factors  held  constant,  more  insulation 
produces  a flatter  TEC  slope  and  a collec- 
tor that  will  perform  better  even  as  the 
collector/ambient  air  temperature  differ- 
ence increases.  The  best  insulation  would 
be  able  to  withstand  normal  operating  and 
stagnating  collector  temperatures.  The 
well-insulated  collector  would  have  a high 
R-value  layer  of  insulation  across  the  back 
and  sides.  The  materials  used  for  collector 
insulation  are  mineral  fiber,  glass  fiber,  and 
plastic  foams  (Table  5). 

The  major  issue  in  collector  insulation  is 
the  expected  operating  temperature. 
Temperatures  of  -20°F — 250°F  during  the 
normal  operation  of  the  collector  should 
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Table  5: 

Insulation 

Upper ' 

Coefficient  of 

Materia!.;* 

Conductivity 

■■■  Temperature 

Linear  Expansion 

(Btuhr/kT  in) 

Limits  (°F) 

(in/in  °F)  V; 

Mineral  fiber  board 

.38 

1000 

not  applicable 

Glass  fiber  board* 

.22 

1000 

not  applicable 

Polystyrene 

.20 

165 

35  X 1&® 

Polyurethane 

.16 

220 

26  - 60  X 10-® 

Polyisocyanurate 

.17 

250 

50  X 10* 

*iow  or  no  binder  content 

not  cause  the  insulation  or  its  “binders”  to 
degrade.  Volatile  materials  in  insulation 
can  boil  off  and  condense  on  the  glazing 
and  absorber.  This  reduces  the  transmit- 
tance, absorptance,  and  R-factor.  Some 
Freon-blown  foams  (polyurethane  and 
isocyanurate)  have  been  reported  to  out- 
gas  hydrofluoric  acids,  which  attack  metal 
in  the  collector.  Gases  in  polyurethanes 
can  expand,  swelling  the  insulation  and 
distorting  the  absorber  plate.  Once  the 
bubbles  in  the  foam  break,  the  R-value  is 
drastically  reduced;  the  material  shrinks 
and  leaves  gaps  around  the  perimeter  of 
the  collector.  Polystyrenes  cannot  with- 
stand even  a short  period  of  stagnation. 
Reports  of  polystyrene  shrinking  from  six 
to  two  feet  have  been  heard. 

Uretlianes  alone  are  fine  for  low- 
temperature  applications  where  flat-black 
paints  and  plastic  covers  (or  no  covers) 


are  used — as  long  as  the  collector  will 
never  stagnate.  Many  manufacturers  place 
a minimum  of  Va-inch  of  high-temperature 
fibergla.ss  insulation  between  the  uretheine 
and  the  absorber,  so  that  the  former  is 
never  exposed  to  the  plate  temperatures  in 
medium  temperature  applications. 

Only  “high  temperature”  fiberglass  is 
recommended  when  fiberglass  is  specified, 
because  the  binder  in  regular  fiberglass 
will  outgas.  Many  manufacturers  are  using 
unbonded  fiberglass.  An  air  gap  between 
the  absorber  and  a foil-faced  insulation 
(which  reflects  heat  back  to  the  plate)  will 
help  further  isolate  the  insulation  from  the 
absorber  temperatures. 

The  insulation  around  the  collector 
perimeter  will  have  little  protection  from 
exposure  to  the  heat  and  UV  degradation, 
so  it  must  be  a tough  material.  Edge  insula- 
tion is  very  important  in  reducing  heat 


losses  through  the  sides  of  the  collector, 
but  it  is  often  omitted.  Choose  only  those 
collectors  with  side  insulation  for  medium- 
and  high-temperature  applications. 

Collector  housing 

The  case  around  the  collector  interior  pro- 
tects the  absorber  and  the  insulation  from 
the  elements.  The  idecil  housing  would  not 
only  be  attractive  but  would  also  be  struc- 
turally sound,  watertight,  fire-resistant, 
capable  of  being  mechanically  connected 
to  its  supports,  durable,  and  lightweight. 
Cases  are  available  in  galvanized  or 
painted  steel,  extruded  or  folded  sheet 
stock  aluminum,  and  molded  or  extruded 
plcistics,  which  are  treated  to  resist  UV 
degradation.  Mill  finish  or  anodized  eJumi- 
num  is  the  most  expensive  of  the  choices, 
but  it  is  also  the  most  durable  and  mainte- 
nance free.  Galvanized  steel  has  been 
known  to  corrode  where  the  stock  has 
been  cut  or  bent  in  the  manufacturing  pro- 
cess. 

Climate  is  the  major  issue  when  looking 
at  the  different  materials  used  for  hous- 
ings. Areas  near  the  ocean,  where  the  level 
of  salt  in  the  air  is  very  high,  areas  of  high 
sulfur  dioxide,  or  areas  of  high  humidity, 
are  tough  on  collector  housings.  In  these 
areas,  the  choice  must  be  made  carefully. 
Inspections  of  systems  in  place  in  your 
area  should  give  you  an  idea  of  how  differ- 
ent collector  materials  are  reacting.  O 
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By  Dick  Oswald 

Often  the  most  difficult  decision  fac- 
ing the  potential  buyer  or  specifier 
of  a solar  energy  system  is  how 
much  credence  to  give  performance 
claims.  In  many  cases,  the  customer’s  in- 
ability to  get  an  impartial,  low-cost  evalua- 
tion of  these  energy  savings  claims  is  the 
main  reason  that  a purchase  falls  through. 
Here  is  a simple  method  designed  to  help 
overcome  the  problem.  The  person  shop- 
ping for  the  right  system  can  use  it  to  judge 
the  reasonableness  of  p)erformance  claims 
for  active  solar  equipment.  The  method 
works  for  both  domestic  hot  water  and 
space  heating  systems,  but  keep  in  mind 
that  it  will  give  you  rough  estimates  only. 
Designers  and  specifiers  of  large  or  com- 
plex systems  should  always  use  detailed 
design  tools,  such  as  the  FCHART  com- 
puter program. 

Dick  Oswald  is  an  energy  consultant  with 
Northeast  Utilities,  Enfield,  CT. 


Finding  the  amount  of  solar  radiation 
available  is  the  place  to  start  in  estimating 
system  performance.  This  value  varies 
widely  across  the  United  States,  from  lows 
in  the  Lake  Erie  region  of  Pennsylvania  and 
New  York  to  highs  in  the  desert  of  southern 
Arizona  and  southeastern  California.  Table 
1 shows  the  average  yearly  radiation  for 
several  sites,  including  these  high  and  low 
areas.  The  three  values  given  for  each  loca- 
tion indicate  the  radiation  available  for  dif- 
ferent collector  tilts. 

Most  solar  collectors  are  mounted  at  tilt 


angles  within  10  degrees  of  the  local 
latitude,  so  it  is  this  tilt  value  that  should  be 
used  in  most  cases.  As  you  can  see  from 
Table  1,  this  is  also  the  surface  that  re- 


Table 1: 

Annual  Radiation  Available  for  Various  Collector  Surfaces 
(Values  in  Btu  per  square  foot  per  year) 

Location 

Horizontal  Surface 

Tilt  = Latitude 

Vertical  Surface  Latitude 

Atlanta 

491,000 

518,000 

375,000 

33.6 

Binghamton,  N.Y. 

364,000 

379,000 

318,000 

42.2 

Boston 

403,000 

437,000 

364,000 

42.4 

Denver 

572,000 

656,000 

503,000 

39.7 

Houston 

493,000 

510,000 

343,000 

30.0 

Los  Angeles 

582,000 

630,000 

444,000 

33.9 

Miami 

538,000 

559,000 

353,000 

25.8 

Minneapolis 

427,000 

473,000 

406,000 

44.9 

Phoenix 

682,000 

744,000 

508,000 

33.4 

St.  Louis 

484,000 

522,000 

402,000 

38.7 

Seattle 

384,000 

486,000 

365,000 

47.4 

ceives  the  greatest  amount  of  radiation 
over  an  entire  year.  Values  for  vertical  sur- 
faces are  useful  in  assessing  wall-mounted 
collectors;  horizontal  surface  values  are 
the  most  commonly  available.  For  loca- 
tions other  than  those  listed,  choose  the 
city  with  the  most  similar  climate  and 
roughly  the  same  latitude. 


Solar  water  heating  systems 

Domestic  hot  water  systems  are  by  far  the 
most  widely  used  solar  energy  systems, 
and  many  of  them  around  the  country  have 
been  monitored.  These  studies  have  all 
produced  similar  results.  Solar  DHW  sys- 
tem efficiencies  (i.e.,  the  amount  of  energy 
delivered  from  the  solar  system  divided  by 


Note:  Finding  values  for  tilt  = latitude  requires  computer  design  tools  or  tedious  hand  methods.  Values  for  horizontal  and 
vertical  surfaces  in  many  locations  can  be  found  in  Passive  Solar  Design  Handbook,  volume  2,  by  J.D.  Balcomb  et  al. 


the  solar  radiation  incident  on  the  collec- 
tors) typically  vary  from  20  to  37  percent, 
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Use  this  method  to  spot  exaggerations  about  solar  energy 
systems.  At  the  same  time,  the  test  will  give  you  a wealth  of 
valuable  information  when  you’re  shopping  for  hot  water  and 
space  heating  equipment  in  any  locale. 


Perfotmnce 

Claims 


with  an  average  value  of  27  percent.  The 
results  also  show  that  the  parasitic  energy 
used  to  operate  pumps  and  controls  is 
usually  in  the  range  of  5 to  10  percent  of  the 
solar  energy  delivered  to  the  load.  Sub- 
tracting this  parasitic  energy  from  the  de- 
livered solar  energy  indicates  that  net 
DHW  system  efficiencies  range  from  18  to 
35  percent,  with  an  average  value  of  25 
percent. 

Combined  with  the  values  of  available 
solar  radiation,  the  system  efficiencies 
show  that  in  a typical  climate  such  as  St. 
Louis’,  solar  DHW  systems  will  provide  an 
average  of  130,000  Btu  of  energy  for  each 
square  foot  of  collector  area,  when  collec- 
tor tilt  roughly  equals  latitude. 

Space  heating  systems 

Researchers  have  also  monitored  solar 
space  heating  and  combined  space  and 
water  heating  systems.  Their  findings:  sys- 
tem efficiencies  range  from  14  to  37  per- 
cent for  both  types  of  systems,  with  an 
average  efficiency  (including  the  effect  of 
parasitic  power)  of  about  23  percent.  This 
means  that  a combined  space  and  water 
heating  system  with  a collector  tilt  of  about 
39°  in  St.  Louis  will  provide  about  120,000 
Btu  per  year  per  square  foot  of  collector. 

It  is  important  to  note  that  for  systems 
that  supply  space  heating  only  the  system 
output  equals  the  system  efficiency  multi- 
plied by  the  solar  radiation  available  dur- 
ing the  heating  season  only.  For  collectors 
tilted  at  an  angle  equal  to  the  latitude,  this 
value  is  approximately  55  percent  of  the 
year-long  total,  given  a typical  heating  sea- 
son running  from  October  through  April. 
For  vertical  collectors,  60  to  65  {percent  of 
the  annual  radiation  is  available  during  the 
same  heating  season. 

Conventional  fuel  savings 

Now  you  know  how  to  gauge  the  energy 
output  of  solar  systems.  But  these  esti- 
mates do  not  necessarily  equal  the  actual 
savings  in  conventional  energy.  Except  in 
the  case  of  electricity,  the  conventional 
energy  being  replaced  is  supplied  to  the 
heating  system  at  efficiencies  below  100 
percent.  Therefore,  the  actual  conven- 
tional fuel  savings  from  the  solar  equip- 
ment are  greater  than  its  estimated  energy 
output.  Calculate  conventional  fuel  sav- 
ings by  dividing  the  solar  output  by  the 
fractional  efficiency  of  the  conventional 
energy  system.  Typical  efficiencies  for 
space  and  water  heating  are  shown  in 
Table  2. 


Table  2:  Typical  Efficiencies  of  Conventional  Energy  Systems 


Type  of  System  Fractional  Efficiency* 


Hot  Water  Heating 

Gas,  Oil  .85 

Electric  1 .0 

Space  Heating 

Gas,  Oil  .70 

Electric  1.0 

Combined  Space  and  Water  Heating 

Gas,  Oil  .75 

Electric  1.0 


*The  efficiencies  listed  here  do  not  include  standby  and  delivery  losses,  they  reflect  the  overall  “burner”  efficiency  and 
are  somewhat  higher  than  typical  overall  efficiencies. 


Monetary  savings 

The  savings  from  a solar  energy  system  are 
often  expressed  in  dollars  rather  than  in 
Btu’s.  To  evaluate  these  claims,  you  must 
convert  the  energy  savings  to  a dollar  sav- 
ings estimate  based  on  the  type  and  cost  of 
the  conventional  fuel  to  be  replaced.  Table 
3 gives  the  equations  you  need  to  change 
standard  unit  energy  costs  to  a useful 
comparison  unit — dollars  per  million  Btu. 

To  estimate  dollar  savings  from  the 
solar  energy  system,  plug  your  conven- 
tional energy  cost  into  the  appropriate 
equation  from  Table  3 and  multiply  the 
result  by  your  estimated  conventional  fuel 
savings. 


heating  system.  The  local  installer  says 
that  the  three-panel,  70-square-foot  sys- 
tem he  wants  to  sell  them  should  save 
them  $200  per  year. 

Evaluation:  The  collectors  will  be  mounted 
at  an  angle  roughly  equal  to  the  latitude. 
The  formula  we  use  looks  like  this: 
Radiation  (Btu/ft^/year)  x Efficiency  = 
Output  (Btu/ft-/year) 

Plugging  in  the  appropriate  numbers  we 
get: 

522,000  Btu  ^ 25  = 130,500  Btu 

ft-  year  ’ ft-  year 

Since  the  system  has  70  square  feet  of 
collector  area,  this  equals 


Final  remarks  zmd  examples 

The  two  examples  that  follow  illustrate 
how  this  quick  evaluation  method  works. 
But  before  you  look  at  them,  remind  your- 
self of  the  appropriate  use  and  limitations 
of  such  a quick  estimate.  First  of  cill  re- 
member that  it  is  just  a rough  estimating 
technique  and  certainly  not  a design  tool. 
Also  keep  in  mind  that  the  values  pre- 
sented here  for  system  efficiency  are  aver- 
ages obtained  from  a relatively  small  sam- 
ple of  monitored  systems.  Some  systems 
will  fall  below  the  average  value  and  some 
will  provide  higher  efficiencies.  The  point 
of  the  method  is  to  reassure  a person  with 
little  knowledge  of  solar  system  perfor- 
mance and  to  weed  out  those  few  sales- 
men and  companies  whose  wildly  exag- 
gerated claims  have  hurt  the  entire  solar 
industry. 

Example  1 

A family  in  suburban  St.  Louis  is  consider- 
ing buying  a roof-mounted  solar  water 


130,500  Btu  ^ _ 9.1  million  Btu 

ft-  year  year 


from  the  solar  DHW  system.  Since  they 
currently  heat  water  with  electricity,  the 
conventional  fuel  savings  would  be: 


9.1  million  Btu/year  _ 9.1  million  Btu 

1.0  efficiency  year 

With  electricity  costing  70  per  kWh,  the 
dollar  savings  would  be 


70  X 2.93 


$20.51 


$20.51  . 

million  Btu 


million  Btu 

9.1  million  Btu 


year 


= $ 187/year 


This  is  reasonably  close  to  the  savings  of- 
fered by  the  installer  and  the  homeowner 
should  feel  comfortable  buying  the  system 
if  all  the  other  factors  are  favorable.  (Actu- 
ally, a system  efficiency  of  26.8  percent 
would  provide  the  savings  the  installer 
claimed  and  is  certainly  reasonable.) 


Table  3:  Conventional  Fuel  Costs 

Type  of  Fuel 

Equation  for  Conversion 

Gas 

$ 

X 10  - ^ 

100  or  therm 

million  Btu 

Oil 

$ 

-7  $ 

X 7 = — 

(#2  residential) 

gallon 

million  Btu 

Electricity 

X 2.93  = y 

kWh 

million  Btu 

Example  2 

A small  business  in  southern  New  York  is 
being  offered  100  square  feet  of  wall- 
mounted  collectors  for  a solar  space  heat- 
ing system.  The  solar  company  says  thati 
its  system  will  shave  $600  from  the  bus!-* 
ness’  oil  bill  each  year. 

Evaluation:  A vertically  mounted  collector 
in  southern  New  York  (near  Binghamton) 
operating  at  an  average  efficiency  of  25 
percent  during  a heating  season  in  which 
65  percent  of  the  annual  radiation  strikes 
the  collectors  would  produce 


318,000  Btu  X 65  X 25  = 
ft-  year  • • ^^2 


The  100-square-foot  system  will  produce 


51,675  Btu 
ft-  year 


X 100  ft- 


= 5.2  million  Btu/year 


Given  the  70-percent  efficiency  of  the  oil 
heating  system,  this  translates  into  a fuel 
savings  of 

5.2  million  Btu/year 

oy 


= 7.4  million  Btu/year  (oil) 


Since  the  cost  per  Btu  of  oil  is 

$1. 25/gallon  x 7.0  = $8.75  per  million  Btu, 


the  annual  savings  from  the  solar  energy 
system  will  be  about 


7.4  million  Btu 
year 


$8.75 


million  Btu 


= $64. 75/year 

The  solar  company’s  claim  is  almost  10 
times  higher  than  our  rough  estimate — it 
borders  on  the  fraudulent.  Obviously  the 
business  owner  should  reject  the  proposal. 

o 


Sources  of  information 

“Monitored  Performance  of  18  Solcir  Hot 
Water  Systems  in  the  Nahoncd  Solar  Data 
Network,”  Annual  Meeting  of  the  Ameri- 
can Solcir  Energy  Society  (ASES),  Houston, 
June  1982. 

“TVA  Comparison  of  F-Chart  Predictions 
with  Eixperimental  Results  for  Etomestic 
Hot  Water  Systems  in  Chattcinooga,”  An- 
nual Meeting  of  ASES,  Houston,  June  1982. 

“Wisconsin  Collector  Efficiency  Study,”  An- 
nual Meehng  of  ASES,  Houston,  June  1982. 

L.  Doak  and  G.  Gervasio.  “Long-Term  Per- 
formance Trends  for  10  Solar  Systems 
Monitored  by  the  National  Solcir  Data 
Network,”  Proceedings  of  the  ASME  Solar 
Energy  Division  Third  Annual  Conference 
on  Systems  Simulation,  Economic  Anal- 
ysis/Solar Heating  and  Cooling  Opera- 
tional Results,  Reno,  1981. 

R.S.  Skidmore  and  J.T.  Smok.  “Thermal  Per- 
formance  of  Solar  Energy  Space  Heating 
Systems,"  Proceedings  of  the  Solar  Heating 
and  Cooling  Systems  Operational  Results 
Conference,  Colorado  Springs,  Colo.,  1979. 
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The  Solar  Hot  Water 
System  Rating  Test 


The  Stage  is  set 
behind  sealed  labo- 
ratory doors.  Inside 
the  test  chamber, 
temperatures  are 
tightly  controlled. 
Equipment  is  wired 
to  recorders  and 
meters.  Artificial 
lights  are  turned  on 
to  simulate  the  sun. 

A trial  begins  that 
will  rate  the  perfor- 
mance of  a solar 
water  heater. 

By  William  J.  Putman 

As  a member  of  the  solar  industry  for 
the  past  six  years,  I have  watched 
solar  stride  forward  despite  formi- 
dable obstacles.  A new  procedure  for  test- 
ing domestic  hot  water  systems  now  be- 
fore our  industry  will,  if  it  proves  to  be 
acceptable,  greatly  benefit  solar  or,  if  un- 
successful, will  have  a far-reaching  nega- 
tive effect.  While  the  debate  has  already 
begun,  the  actual  mechanics  of  performing 
a systems  test  and  the  interpretation  of  the 
data  gathered  are  shrouded  in  mystery.  1 
will  explain  how  the  ASHRAE  Standard  95- 
1981  is  applied  in  one  certification  pro- 
gram. 

To  perform  a test,  we  must  first  define 
the  type  of  system  so  that  its  energy  output 
is  correctly  measured  and  reported  (See 
Defining  tlie  Systems). 

The  system,  delivered  to  a test  lab,  is 

William  J.  Putman,  a graduate  of  Arizona 
State  University  with  a degree  in  Mechan- 
ical Engineering,  is  manager  of  the  Solar 
Conversion  Division  of  DSET  Laboratories 
in  Phoenix,  Ariz. 


placed  in  an  environmental  chamber.  In- 
struments are  installed  to  monitor  the  am- 
bient air  temperature,  and  to  measure  the 
cold  supply  water  temperature,  the  tem- 
perature of  the  water  drawn  from  the  sys- 
tem, the  number  of  gallons  of  hot  water 
drawn  from  the  system,  and  a set  of  Q 
numbers. 

The  Q numbers  are; 

Qnet:  The  net  amount  of  daily  energy  pro- 
vided from  the  sun  in  a solar  hot 
water  system. 

Qnet  is  calculated  as  follows  for  solar  plus 
supplemental  systems: 

Qnet  Qdel  + Qloss  “ Qalx  “ Qear 

and  for  solar  only  and  solar  preheat  sys- 
tems: 

Qnet  ~ Qdel  ~ Qpar 

Qdel:  The  daily  total  delivered  energy  of 
the  solar  hot  water  system  (includ- 
ing energy  supplied  by  electrical  or 
gas  backup  for  solar  plus  supple- 
mental). 

Qloss:  The  daily  standby  losses  of  the  aux- 
iliary tank;  set  to  3.1  kWh  for  electri- 
cal backup  and  14.9  kWh  for  gas 
backup  as  noted  in  ASHRAE  Stan- 
dard 95-1981,  Appendix  C. 

Qalx:  The  daily  backup  energy  for  electri- 
cal or  gas  heating  used  by  the  solar 
hot  water  system  to  deliver  the  re- 
quired amount  of  hot  water.  It  is  the 
auxiliary  energy  use. 

Qpar:  The  daily  energy  used  to  supply 
power  to  pumps,  controllers,  and 
trackers  (if  required)  to  operate  the 
solar  hot  water  system.  These  are 
parasitic  energy  losses. 

Q car:  The  energy  storage  capacity  of  the 
backup  tank.  Used  only  for  solar  plus 
supplemental  systems  and  meas- 
ured at  the  start  of  the  test. 

Qres:  The  reserve  capacity  of  the  system 
(the  energy  remaining  after  the  last 
day’s  load  is  drawn  off  at  the  end  of 
the  test). 

Qdl:  The  desired  load  or  test  load  on  the 
solar  heating  system. 

An  important  point  to  make  before  ex- 
plaining how  ASHRAE  95-1981  is  used  to 


test  systems  is  that  the  standard  is  a cook- 
book of  how  to.  It  does  not  specify  the 
environmental  and  DHW  load  conditions. 
Whoever  contracts  for  the  testing  can 
specify  whatever  environment  and/or  load 
conditions  they  desire.  Usually,  industry 
rating  organizations  specify  these  condi- 
tions. Two  have  announced  certification 
programs — the  Solar  Rating  and  Certifica- 
tion Corporation  (SRCC)  and  the  Air-Con- 
ditioning Refrigeration  Institute  (ARI). 
SRCC  currently  has  the  most  publicized 
system  test  program,  so  I will  use  its  envi- 
ronment and  DHW  load  conditions  to  de- 
scribe the  system  test  method. 

SRCC  requires  that  the  test  day  provide 
1500  Btu/ft^  of  simulated  solar  radiation  to 
a 45°  aperture  plane.  That  is,  the  “sun”  is  at 
a 45°  angle  above  the  horizon.  The  1500 
Btu/ft^  is  provided  over  a nine-hour  period, 
starting  at  8:00  a.m.  and  ending  at  5:00  p.m., 
at  a specified  irradiance  profile  with  inci- 
dent angles  ranging  from  0°  to  60°.  In  other 
words,  the  simulated  solar  day  looks  like 
an  equinox  day  (March  21st  or  September 
21st)  in  most  ways  with  the  solar  simulator 
required  to  move  like  the  sun.  This  ir- 
radiance level  was  chosen  since  it  approx- 
imates the  yearly  average  daily  radiation 
total  for  the  top  10  population  centers  in 
the  United  States  (1980  census).  The  am- 
bient air  temperature  and  supply  water 
temperature  during  testing  are  22°C 
(71.6°F).  The  average  water  supply  tem- 
perature may  be  higher  than  the  national 
average;  however,  by  keeping  the  water 
supply  temperature  equal  to  the  ambient 
temperature,  all  energy  gains  cire  strictly 
from  solar  input. 

During  the  solar  simulation  period,  a 
wind  of  7.6  mph  blows  across  the  collec- 
tors. In  the  SRCC  program,  the  daily  total 
energy  load  drawn  from  the  system  is 
40,1 19  Btu  (1 1.76  kWh)  taken  in  three  equal 
energy  draws  of  13,373  Btu  (3.92  kWh)  at 
8:00  a.m.,  noon,  and  5:00  p.m.  A draw  of 
13,373  Btu  Is  equal  to  approximately  33 
gallons  of  water  heated  from  71.6°F  to 
120°F.  SRCC  allows  the  manufacturer  to 
specify  the  setpoint  (Tset)  of  the  auxiliary 
supply  thermostat  at  120°F  or  greater. 

Let’s  assume  we  are  testing  a solar  plus 
supplemental  system.  This  could  be  a 
common  active  system  with  collectors, 
solar  storage  tank,  plus  a separate  gas- 
fired  backup  tank.  Alternatively,  a ther- 
mosiphon or  ICS  system  that  incorporated 
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an  electrical  backup  element  in  the  storage 
tank  would  also  be  classified  as  solar  plus 
supplemental.  (The  storage  tank  is  then 
also  considered  to  be  the  backup  tank.) 

The  first  step  in  the  procedure  is  to  de- 
termine the  energy  storage  capacity  of  the 
backup  auxiliary  tank  (Qt  ap)-  Qi  .ap  'S  de- 
termined by  letting  the  auxiliary  heating 
unit  heat  the  water  in  the  backup  tank  until 
the  thermostat  controller  senses  that  the 
water  temperature  has  reached  T set-  The 
auxiliary  energy  service  is  then  disabled, 
and  the  tank  is  allowed  to  sit  for  10  min- 
utes. After  10  minutes,  water  is  withdrawn 
until  the  outlet  temperature  from  the 
backup  tank  drops  below  35°C  (95°F). 
SRCC  requires  that  each  13,373  Btu  drawn 
on  the  last  day  of  the  test  be  at  a minimum 
of  1 13°F.  QcAf>  tells  the  supplier  if  the  sys- 
tem will  meet  this  requirement.  If  the  sys- 
tem supplier’s  backup  tank  cannot  meet 
this  capacity,  the  supplier  must  either  in- 
crease the  size  of  the  backup  tank  and/or 
raise  the  T^et-  or  fail  to  be  certified.  It  is 
important  to  note  tbe  Qcap  test  is  only 
necessary  for  solar  plus  supplemental  sys- 
tems— it  represents  tbe  auxiliary  energy 
storage  capacity  of  the  backup  tank. 

Once  the  backup  tank  performs  satisfac- 
torily, tbe  next  step  for  all  types  of  systems 
is  to  preheat  the  water  in  the  solar  storage 
tank.  The  preheat  temperature  is  usually 


chosen  by  the  test  laboratory  and  is  de- 
termined by  the  number  of  gallons  of  stor- 
age and  the  size  of  the  collection  area.  If 
chosen  correctly  the  preheat  temperature 
can  decrease  the  number  of  days  required 
to  complete  the  system  test.  Once  preheat- 
ing is  completed,  the  test  begins. 

Starting  time  is  5:00  p.m.  The  system  sits 
overnight  while  the  test  laboratory 
monitors  the  ambient  temperature,  and 
parasitic  and  auxiliary  energy  use.  At  8:00 
a.m.  the  first  day,  a wind  of  7.6  mph  is 
applied  to  the  collector  and  the  solar  radia- 
tion simulation  period  begins.  The  solar 
radiation  is  either  simulated  by  a solar 
irradiance  simulator,  which  is  a light 
source,  or  a thermal  electrical  resistance 
heater.  Also  at  8:00  water  is  drawn  from 
storage  at  a flowrate  of  3.17  gallons  per 
minute.  When  13,373  Btu  of  energy  are 
drawn  from  the  system  (or  if  the  delivery 
water  temperature  falls  below  35°C  (95°F), 
the  draw  is  terminated.  Whenever  the  draw 
falls  below  95°F,  the  energy  in  the  draw 
is  measured  and  reported;  remember, 
though,  that  for  solar  plus  supplemental, 
on  the  last  day  of  the  test,  if  the  hot  water 
temperature  falls  below  45°C  (113°F),  the 
system  fails.  The  water  drawn  from  the 
system  is  replaced  with  71.6°F  water. 

The  second  draw  is  made  at  noon,  and  at 
5:00  p.m.  the  final  draw  of  the  day  is  made. 


Defining 
the  Systems 


ASFIRAE  Standard  95-1981,  the  con- 
sensus standard  test  method,  has 
three  categories  to  define  DHW  sys- 
tems: solar  only,  solar  preheat,  and 
solar  plus  supplemental.  A solar  only 
system  is  exactly  that;  all  the  hot  water 
supplied  must  be  by  solar  and  from  no 
other  source.  Solar  preheat  is  a retrofit 
system.  This  type  of  system  includes 
everything  but  the  backup  electric-  or 
gas-heated  tank.  Solar  plus  supple- 
mental represents  a system  that  comes 
with  everything,  including  the  auxiliary 
backup  tank.  This  can  be  an  electrical 
element  in  the  solar  storage  tank  or  a 
separate  tank. 

Almost  all  hot  water  systems,  includ- 
ing thermosiphon  and  integral  collec- 
tor storage  (ICS)  systems,  can  fit  into 
any  one  of  the  three  categories.  It  de- 
pends simply  on  whether  or  not  the 
system  supplier  specifies  an  auxiliary 
heating  backup.  If  so,  will  the  backup  be 
included  as  part  of  the  system  (solar 
plus  supplemental)  or  will  an  existing 
tank  be  used  (solar  preheat)? 


At  5:00  p.m.,  the  simulated  sun  sets  as  oc- 
curs outdoors.  The  complete  day  of  the 
systems  testing  is  then  finished  and  the  Q 
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numbers  are  calculated.  However,  the  test 
is  not  over.  The  test  day  is  repeated  until 
convergence  or  until  the  fourth  day  of  test- 
ing is  completed,  whichever  occurs  first. 
Convergence  for  solar  plus  supplemental 
systems,  as  defined  by  ASHRAE  Standard 
95-1981,  occurs  when  the  auxiliary  energy 
(Qalx)  used  by  the  system  is  within  3 per- 
cent of  the  value  of  the  previous  day.  For 
solar-only  and  solar-preheat  systems, 
convergence  is  reached  when  the  daily 
solar  fraction  (percentage  of  solar  energy 
supplied  relative  to  the  standard  load  of 
40,1 19  Btu)  is  within  3 percent  of  the  value 
on  tlie  previous  day.  All  this  means  is  that 
one  must  wait  for  the  system  to  achieve 
thermal  equilibrium.  The  3 percent  con- 
vergence requirement  is  very  strict  and 
requires  tight  control  on  the  environment 
encountered  by  the  system  during  testing. 
Consequently,  ASHRAE  95-1981  requires 
tliat  all  testing  be  conducted  indoors.  The 
final  Q number  values  are  determined  on 
the  day  convergence  is  reached.  If  con- 
vergence is  not  reached  on  the  fourth  day, 
the  average  of  the  test  results  for  days 
three  and  four  are  used. 

On  the  final  test  day  after  5:00  p.m.,  Qres, 
the  reserve  capacity  of  the  system,  is  de- 
termined. Qres  represents  the  leftover 
energy  in  the  system  at  the  end  of  the  day 
and  is  measured  by  disabling  the  auxiliaiy 
element,  followed  by  drawing  water  out  of 
the  tank  until  the  water  from  the  tank  is 


within  3°C  (5.4°F)  of  the  supply  water  tem- 
perature. The  energy  in  the  water  draw  is 
measured  and  reported  as  Qres-  For  those 
collectors  that  have  storage  outdoors,  a 
test  to  ascertain  the  exponential  heat  loss 
coefficient  (L)  is  performed.  This  is 
achieved  by  filling  the  outdoor  storage 
tank  with  MOT  water,  letting  the  system  sit 
for  16  hours  at  a 71.6°F  ambient  while  a 7.6 
mph  wind  is  applied,  and  then  drawing  all 
the  water  out  of  the  system  at  the  end  of  16 
hours  to  determine  temperature  loss.  L is 
an  important  number  to  consider  when 
thinking  about  purchasing  a system  with 
outdoor  storage.  The  higher  the  value  of  L, 
the  higher  the  heat  loss  from  the  system. 
With  this  the  systems  test  is  now  com- 
pleted. 

As  was  mentioned  earlier,  the  solar 
input  can  be  from  one  of  two  sources,  a 
solar  simulator  or  a thermal  simulator.  A 
solar  simulator  used  for  testing  to  ASHRAE 
95-1981  must  meet  rigorous  specifications. 
Essentially,  it  has  to  present  energy  to  the 
collector  in  exactly  the  same  manner  as 
the  sun  and  may  consist  of  an  array  of 
highly  efficient  lamps  that  move  in  unison 
in  an  arc  across  the  collector  as  the  day 
progresses.  A thermal  simulator  is  an  in- 
line electrical  resistance  heater  that  heats 
the  systems  circulating  fluid.  To  use  the 
thermal  simulator,  the  system  being  tested 
must  have  forced  circulation  and  ASHRAE 
93-77  test  results  for  the  collectors.  The 


ASHRAE  93-77  test  results  are  used  in  cal- 
culating the  thermal  energy  input  to  the 
system.  Although  the  solar  simulator  input 
method  is  prefeFred,  the  thermal  approach 
is  used  by  almost  all  of  the  forced  circula- 
tion systems  tested  because  it’s  less  ex- 
pensive, especially  if  the  supplier’s  collec- 
tor has  already  been  through  the  ASHRAE 
93-77  test  procedure. 

The  sequence  for  a systems  test  for  a 
solar  only  and  a solar  preheat  system  is  the 
same  as  for  a solar  plus  supplemental  sys- 
tem test  except  that  no  Qcap  test  is  per- 
formed. 

The  rating  label  for  the  SRCC  systems 
certification  program  contains  most  of  the 
Q values  mentioned  in  this  article.  How- 
ever, the  most  relevant  numbers  on  the 
label  will  be  Qnet.  L and  Qres-  The  com- 
plete set  of  data  tables  resulting  from  a 
systems  test,  while  perhaps  overwhelming 
for  the  consumer,  provides  engineers  and 
designers  with  an  enormous  amount  of 
information.  In  fact,  to  extend  the  useful- 
ness and  applicability  of  the  systems  test, 
many  studies  are  now  underway,  inves- 
tigating methods  to  predict  the  perfor- 
mance of  the  systems  in  different  climates 
using  these  test  results.  Other  studies  are 
being  conducted  to  allow  manufacturers 
to  substitute  equivalent  or  better  compo- 
nents in  a system  so  that  a solar  supplier 
does  not  have  to  retest  every  time  system 
design  changes  are  made.  ^ 
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Reliability  & Durability 
in  Solar  Energy 
Systems 


Huge  strides  made  in  design  and  manufacturing  over  the  past 
few  years  haven ’t  diminished  a long-standing  principle:  an  expe- 
rienced, reliable  installer  is  the  key  to  success. 


By  David  Godolphin 

If  you’ve  been  looking  into  solar  space 
and  water  heating  equipment,  you’ve 
doubtless  grappled  with  a few  terms 
and  concepts  over  and  over  again — the 
collector  efficiency  curve,  cash  flow  and 
payback  time,  cost  versus  performance. 

These  are  all  important  considerations, 
well  worth  pondering  before  you  buy.  But 
shove  them  aside  for  the  moment.  These 
concerns  just  don’t  matter  unless  the  sys- 
tem will  have  a long  and  healthy  life. 

The  reliability  and  durability  of  solar 
equipment  profoundly  affect  its  economic 
value.  This  can  fairly  be  said  of  any  kind  of 
hardware,  of  course.  But  in  the  case  of  a 
solar  water  heating  system,  durability  is 
especially  critical  because  it  provides  no 
amenity  other  than  heating  your  water  for 
less  money  than  with  other  fuels. 

It’s  no  secret  that  many  early  solar  in- 
stallations failed  (“Learning  from  Experi- 
ence,” 5o/ar /4ge,  11/78).  The  Department 
of  Housing  and  Urban  Development’s  Solar 
Heating  and  Cooling  Demonstration  Pro- 
gram, which  ran  from  1974  into  1979,  had 
its  share  of  short-lived  systems.  As  a tech- 
nical subcontractor,  Dubin-Bloome  As- 
sociates, West  Hartford,  Conn.,  kept  tabs 
on  many  of  the  nearly  13,000  systems  in- 
stalled under  the  HUD  program.  Robert 


David  Godolphin  is  an  associate  editor  of 
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Sparkes,  an  engineer  with  Dubin-Bloome, 
has  fielded  many  calls  for  help  from  system 
owners.  Sparkes  talks  like  a vice-squad  cop 
and  has  stories  to  match.  His  view  of  solar 
equipment  reliability  has  been  toughened 
by  constant  exposure  to  the  worst  cases, 
and  his  anecdotes  are  chilling:  glycol  that 
cooked  under  stagnation  conditions  until 
it  resembled  molasses;  heat  exchangers 
clogged  with  rusty  sludge  from  steel  pip- 
ing; controls  that  turned  a system  on  at 
night  and  off  at  daybreak;  wood-backed 
collectors  that  slowly  incinerated. 

Anthony  Eden,  an  engineer  with  Rock- 
well International,  studied  solar  materials 
and  reliability  while  at  the  Solar  Energy 
Research  Institute  (SERI).  Reminded  of  the 
HUD  disasters,  he  says,  “Most  of  the  horror 
stories  are  attributable  to  the  early  part  of 
the  learning  curve.”  And  Eden  speaks  for 
many  when  he  asserts  that  “active  systems 
are  more  reliable  today  than  they  were 
four  years  ago.” 

But  from  a vantage  point  farther  along 
the  learning  curve  observers  still  see  fail- 
ures— ^systems  that  don’t  last  as  long  as 
they  should,  or  require  costly  fixes.  Solar 
researchers  in  the  field  of  reliability  and 
materials  generally  trace  the  problem  to 
system  designers  and  installers  rather  than 
the  manufacturers.  “The  systems  we  have 
today  are  very  reliable  for  20  to  30  years  as 
they  come  from  the  manufacturer,”  says 
Conrad  Vineyard,  a SERI  cost  engineer.  The 
problem,  he  says,  is  that  “the  industry 
doesn’t  have  enough  well-qualified  in- 
stallers.” 


DHR,  Inc.,  a Washington,  D.C.,  consulting 
firm,  has  analyzed  reliability  and  main- 
tainability in  the  solar  industry.  Their  con- 
clusions, contained  \n  Evaluation  of  Exist- 
ing Reliability  and  Maintainability  Pro- 
grams Affecting  Active  Solar  Heating  and 
Solar  Domestic  Hot  Water  Systems,  a com- 
prehensive report  for  SERI,  jibe  with  Vine- 
yard’s claim.  One  of  their  findings:  much  of 
the  knowledge  accumulated  about  do’s 
and  don’t’s  of  design  and  installation  is  not 
reaching  those  who  need  it  most — inex- 
perienced designers  and  installers.  As  a 
result,  says  Richard  Silberglitt,  a DHR  prin- 
cipal and  co-author  of  the  report,  “We  con- 
cluded that  the  major  problem  is  that  er- 
rors are  being  repeated. 

“There  are  several  good  handbooks 
available,”  says  Silberglitt,  “but  we  had  the 
feeling  that  handbooks  wouldn’t  really  ad- 
dress the  problem.  The  kind  of  people  who 
go  to  the  trouble  of  reading  handbooks 
aren’t  the  kind  who  typically  have  the  prob- 
lems.” Still,  one  of  the  simplest  steps  indi- 
viduals can  take  to  improve  the  durability 
and  reliability  of  systems  they  buy  or  in- 
stall is  to  read  the  literature.  The  vital  pub- 
lications in  the  field  are  listed  at  the  end  of 
this  article. 

Though  many  factors  impinge  on  the 
durability  of  solar  equipment,  most  ana- 
lysts think  that  one  flawed  notion  in  par- 
ticular has  dogged  solar  installations.  That 
is  the  assumption  that  solar  energy  sys- 


tems are  just  as  easy  to  design  and  install 
as  most  HVAC  (heating,  ventilating,  and 
air-conditioning)  projects.  The  truth,  long 
acknowledged  by  solar  veterans,  is  that 
solar  equipment  faces  much  more  stress 
than  other  mechanical  systems  in  the  or- 
dinary house.  “Solar  applications  are  ex- 
posed to  tougher  conditions  than  non- 
solar applications,”  says  Jim  Lefferdo,  an- 
other engineer  formerly  with  SERl’s  relia- 
bility and  materials  program. 

Lefferdo  shares  Vineyard’s  concern 
about  the  qualifications  of  solar  installers. 
“We  found  that  if  the  manufacturer  or 
someone  working  closely  with  the  man- 
ufacturer installed  a given  manufacturer’s 
system,  it  would  generally  perform  as  ad- 
vertised. But  others  who  weren’t  as  well 
informed  about  the  system  tended  to  take 
shortcuts  that  led  to  failure,”  he  says. 

A poor  installation  shows  some  ugly 
physical  symptoms  that  can  eat  away  at 
performance  and,  if  unchecked,  destroy 
the  system.  They  include  corrosion  in 
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tanks,  collectors,  and  pipe  runs;  frozen  wa- 
terways; scaling  caused  by  hard  water; 
sealants,  glazings,  and  insulation  that  de- 
teriorate because  they  can’t  take  constant 
sunlight  or  the  300T-plus  heat  of  collector 
stagnation;  undersized  pumps  that  bum 
out  early;  poorly  joined  pipes  that  leak; 
incompatible  metals  that  attack  each 
other;  and  valves  and  vents  that  don’t  func- 
tion as  they  should  because  of  placement 
or  installation  methods. 

The  causes  of  and  solutions  to  these 
problems  are  well  documented.  In  the 
northeast,  expert  site  inspectors  checked 
on  170  solar  domestic  hot  water  systems 
as  part  of  a Northeast  Solar  Energy  Center 
program.  Their  valuable  findings  and  rec- 
ommendations are  summarized  in  “The 
Great,  the  Good,  and  the  Unacceptable,” 
(see  page  29).  Sometimes,  though,  the 
answers  are  tucked  away  in  obscure  tech- 
nical reports.  Because  the  solar  industry 
comprises  so  many  businesses,  so  many  of 
them  small,  the  knowledge  needed  to  in- 
stall reliable,  long-lasting  systems  doesn’t 


reach  everyone  it  should.  The  lack  of  a 
uniform  feedback  system  that  would  let 
many  learn  from  a single  mistake  has  pro- 
duced a pattern  of  repeated  design  and 
installation  errors. 

Another  contributor  to  the  overall  reli- 
ability problem  may  be  the  solar  pur- 
chaser. “Outside  the  solar  buffs,  there’s 
hardly  a homeowner  who  gives  a damn 
about  checking  his  system,”  says  Robert 
Sparkes.  And,  he  points  out,  “a  lot  of  the 
systems  will  go  into  a self-destruct  mode  if 
they  start  to  fail  and  the  failure  is  ignored.” 
“It’s  true  that  people  generally  don’t  care 
about  maintenance,”  agrees  Anthony 
Eden.  He  thinks  that  the  answer  may  lie 
with  service  contracts  or  conditional  war- 
ranties, which  the  homeowner  can  render 
void  by  failing  to  carry  out  basic  mainte- 


nance. Others  think  the  solution  could  be 
low-maintenance  systems,  like  those  now 
being  developted  at  SERI  and  a few  of  the 
national  laboratories,  perhaps  combined 
with  low-cost  monitoring  devices  that 
would  make  it  easier  for  homeowners  to 


keep  an  eye  on  their  solar  energy  systems. 

Experts  also  see  reliability  and  durabil- 
ity improving  as  a result  of  the  solar  indus- 
try’s trend  towards  packaged  systems  and 
at  least  the  rudiments  of  system  testing.  By 
selling  systems  rather  than  individual 
components,  manufacturers  make  installa- 
tion easier  and  assure  that  major  parts  of 
the  system  will  prove  durable.  “The  farther 
they  can  take  this  packaging,  the  more 
efficient  and  reliable  the  systems  will  be,” 
says  Conrad  Vineyard.  The  DHR  report 
concurs. 

Testing  complete  systems,  rather  than 
just  collectors,  is  only  beginning,  and  for 
the  moment  it  focuses  on  instantaneous 
performance  and  efficiency  rather  than 
long-term  durability.  But  it  signals  that 
manufacturers  are  thinking  of  their  prod- 
ucts in  terms  of  complete  systems.  And,  as 
the  DHR  report  puts  it,  “Activities  which 
emphasize  systems,  from  manufacturing 
through  installation  and  operation, . . . are 
the  activities  that  are  needed  to  automat- 
ically improve  R&M  [reliability  and  main- 
tainability] results.” 

Other  evidence  suggests  that  active 
solar  energy  systems  will  be  even  more 
reliable  and  durable  four  years  from  now 
than  they  are  today.  Experience  is  ac- 
cumulating. Something  like  a collective 
body  of  knowledge  Is  growing  as  a result. 
“The  installers  who  did  good  work  have 
tended  to  stay  in  the  business,”  says  An- 
thony Eden.  “The  ones  who  made  a lot  of 
mistakes  have  tended  to  get  out  of  it.  Some 
newcomers  are  still  making  errors,  but  in- 
creasingly they’re  doing  their  homework 
before  entering  the  field,”  Eden  says. 

Changes  in  equipment  standards  and  in- 
staller training  are  also  likely  to  help.  In- 
stallers learning  the  ropes  today  benefit 
from  well-grounded  educational  programs 
and  instructors  who,  like  Robert  Sparkes, 
have  spent  years  on  the  front  lines.  In- 
staller licensing,  though  controversial  in 
some  states,  is  meant  to  guarantee  uni- 
formly sound  installations.  As  long-term 
data  on  materials  pile  up,  standards- 
makers  will  start  to  design  durability  tests. 


While  all  of  this  progress  is  taking  place, 
an  oft-repeated  piece  of  advice  still  holds. 
Eind  an  experienced,  reliable  installer. 
Leave  no  stone  unturned  in  checking  ref- 
erences and  inspecting  previous  jobs.  If  the 
crew  that  puts  your  system  in  has  proved 
reliable  and  stayed  together  for  years,  the 
solar  equipment  will  too.  0 


Durabilitv's  Canon  Law 


In  its  report  for  the  Solar  Energy  Re- 
search Institute,  DHR,  Inc.,  noted  that 
much  is  known  about  reliability  and 
durability  in  solar  energy  systems,  but 
also  that  few  people  know  how  much  is 
known  or  where  to  find  it.  The  consult- 
ing firm  reviewed  existing  publications 
and  singled  out  some  of  tlie  best.  Most 
of  their  choices,  along  with  some  very 
recent  and  welcome  additions  to  the 
field,  are  listed  below. 

• Fundamentals  of  Solar  Heating,  by  the 
Sheet  Metal  and  Air  Conditioning  Contrac- 
tors National  Association  (SMACNA),  avail- 
able for  $4.50  from  Government  Printing  Of- 
fice, Superintendent  of  Documents,  Wash- 
ington, DC  20402.  Order  No.  061-000-00043-7. 

• Installation  Guidelines  for  Solar  DHW  Sys- 
tems in  One-  and  Two-Family  Dwellings,  by 
Franklin  Research  Center,  available  for  $5.00 
from  Superintendent  of  Documents,  Wash- 
ington. DC  20402.  Order  No.  023-000-0520-4. 

• The  Solar  Decision  Book  of  Homes,  by  R.H. 
Montgomery  & J.  Budnick,  available  for 
$25.95  (cloth)  or  $15.95  (paper)  with  en- 
closed check  from  Order  Department,  John 
Wiley  & Sons,  Ecistem  Distribution  Center,  1 
Wiley  Dr.,  Somerset,  NJ  08873. 

• Solar  Water  Heating  and  Pool  Heating  In- 


stallation and  Operation,  by  Florida  Solar 
Energy  Center  (FSEC),  available  for  $8.00 
from  FSEC,  Public  Information  Office,  300 
State  Road  401,  Cape  Canaveral,  FL  32920. 

• Installation  Standards  for  One-  and  Two- 
Family  Dwellings  and  Multifamily  Housing 
Including  Solar,  by  SMACNA,  available  for 
$20.00  from  SMACNA,  P.O.  Box  70,  Merrifield, 
VA  22116. 

• Solar  Heating:  A Construction  Manual,  by 
J.A.  Adams  & P.L.  Temple,  Total  Environ- 
mental Action,  Inc.,  available  for  $25.95 
postpaid  from  SolarVision  Publications, 
Church  Hill,  Harrisville,  NH  03450. 

• The  Basics  of  Solar  Air  Systems,  by  the 
National  Training  Fund  for  the  Sheet  Metal 
and  Air  Conditioning  Industry.  For  ordering 
information,  contact  David  Harrington  at 
(202)833-9543. 

• Final  Reliability  and  Materials  Design 
Guidelines  for  Solar  Domestic  Hot  WaterSys- 
tems,  by  Argonne  National  Laboratoiy',  avail- 
able for  $22.50  from  National  Technical  In- 
formation Service,  5285  Port  Royal  Rd., 
Springfield,  VA  22 1 61 . Order  No.  ANL/SDP- 1 1 . 

• How  to  Solve  Materials  and  Design  Prob- 
lems in  Solar  Heating  and  Cooling,  by  D.S. 
Ward,  H.S.  Oberoi,  & S.D.  Weinstein,  avail- 
able for  $36.00  (cloth)  from  Noyes  Data 
Corp.,  Mill  Rd.,  Park  Ridge,  NJ  07656. 
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NOTEBOOK 


Solar  Hot  Water  System  Ratings: 
Vest-Pooket  Guide  to  the  Labels 


No.  units/ 
collectors 


DHW  System  Model 

Qnet 

Qres 

L 

Qcap 

Qalx 

QpAR 

Qdl 

in  system 

Integral  Collector  Storage 

20,900 

4,800 

18.85 

NA 

NA 

NA 

40,119 

2 

Thermosiphon 

35,400 

26,500 

8.51 

21,000 

16,500 

NA 

40,119 

3 

Pumped  Active 

39,300 

43,600 

NA 

NA 

NA 

1,621 

40,119 

2 

Anew  method  is  now  used  to  test  complete  solar  hot  water 
systems.  The  standard  procedure  is  officially  called 
ASHRAE  95-1981.  The  method  is  a consensus  standard 
arrived  at  by  professionals  and  technical  experts.  In  addition,  two 
industry  trade  organizations  have  announced  systems  certifica- 
tion programs.  Manufacturers  joining  either  the  Solar  Rating  & 
Certification  Corporation  (SRCC)  or  the  Air-Conditioning  Refrig- 
eration Institute  adhere  to  conditions  set  by  the  trade  groups 
when  they  have  their  DHW  systems  tested  under  the  ASHRAE 
standard  method.  Members  can  use  the  test  results  along  with  the 
trade  association  logo  in  their  business  dealings  and,  in  some 
states,  to  qualify  equipment  for  tax  credits.  Here  is  an  example  of 
tbe  output  of  the  ASHRAE  method  as  applied  to  three  typical  DHW 
systems  in  the  SRCC  certification  and  labeling  program,  which  is 
the  first  to  begin.  Tbe  capsule  explanations  of  tbe  terms  should 
help  in  deciphering  the  label. 


QnET — ^ measure  of  tbe  solar  energy  delivered  by  a system 
under  test,  in  Btu/day.  is  generally  considered  to  be  the  most 
significant  number  on  the  label,  which  is  why  it  is  printed  in 
boldface  on  the  SRCC  certificate.  If  the  system  uses  any 
auxiliary  and  parasitic  power  in  the  test,  Q^kt  already  accounts  for 
it.  While  the  term  is  reported  in  Btu/day,  Q^kt  does  not  predict  the 
actual  performance  of  the  solar  DHW  system  in  other  than  the  test 
lab  conditions,  any  more  than  an  ERA  mileage  rating  predicts  the 
actual  cost  of  driving  your  car. 

QreS — "f^de  reserve  capacity  of  the  system,  in  Btu;  i.e.,  the  energy 
left  after  the  full  day’s  water  use  is  drawn  off  in  the  test.  Qres  does 
not  represent  bonus  energy  collected  by  tbe  system  every  day. 
Rather,  It  indicates  the  day-to-day  surplus  storage  capability  of  the 
system  under  the  test  conditions.  Qres  can  be  a valuable  indicator 
of  bow  sensitive  tbe  system  is  to  a real  DHW  load  schedule.  The 
higher  the  Qres,  the  more  tolerant  the  system  would  be  to  varia- 
tions in  hot  water  loads. 

L, — The  exponenticd  heat  loss  coefficient,  in  Btu/hr  °E;  i.e.,  the  rate 
of  heat  loss  of  the  system.  L is  measured  only  for  those  systems 
that  have  outside  storage  tanks.  Systems  with  outdoor  storage  can 
lose  a large  portion  of  the  energy  they  collect  to  a cold  environ- 
ment at  night.  Low  L values  are  very  important  in  actual  solar 
DHW  installations. 

— ^A  measure  of  the  energy  storage  capacity  of  the  auxiliary 


tank,  in  Btu.  Qcap 's  only  calculated  for  those  systems  that  provide 
their  own  backup,  not  those  systems  that  will  depend  on  an 
existing  water  heater.  The  measurement  ensures  that  the  system 
can  deliver  the  full  load  at  the  required  temperature  called  for  by 
the  test.  Whether  a Qcap  is  listed  or  a NA  (not  applicable)  appears 
on  the  label  is  a decision  made  by  the  manufacturer.  For  example, 
a breadbox  could  have  an  auxiliary  electric  heating  element  in  its 
tank.  If  the  manufacturer  chooses  to  undergo  the  test  with  the 
auxiliary  disconnected,  there  is  no  Qcap-  A breadbox,  or  any 
system,  with  a Qcap  is  by  definition  a system  that  includes  its  own 
auxiliary  heater. 

QaUX — ^ measure  of  the  backup  energy  used  by  the  system  to 
deliver  the  required  amount  of  hot  water  in  the  test,  in  Btu/day.  No 
Qai:<  value  appears  on  the  label  if  a system  has  no  auxiliary 
heating  element  or  has  its  auxiliary  disconnected  during  the  test. 
To  enable  these  retrofit  systems  to  meet  the  standard  test  load,  a 
rating  organization  will  supply  the  backup,  if  needed.  Remember, 
Qaitc  should  not  be  subtracted  from  Qnet  because  this  has  already 
been  done. 

QpAR — A measure  of  the  energy  used  to  supply  power  to  pumps, 
controllers,  shutters,  or  trackers  needed  to  operate  the  system,  in 
Btu/day.  Like  Qalx,  the  parasitic  energy  is  already  accounted  for  in 
calculating  Qnet- 

Qql — The  desired  load  on  the  solar  heating  system,  in  Btu/day. 
The  load  chosen  for  the  SRCC  program  is  40,1 19  Btu  per  day,  taken 
in  three  equal  draws.  All  systems  have  to  supply  this  amount, 
either  through  their  own  backup  or  augmented  by  a backup  heater 
provided  by  SRCC.  This  standard  load  allows  the  easy  comparison 
of  systems.  The  standard  load,  however,  is  not  necessarily  repre- 
sentative of  loads  and  schedules  encountered  in  actual  in- 
stallations. 

No.  Units/ 

Collectors — The  number  of  collectors  or  complete  units 
supplied  by  the  manufacturer  to  be  tested  as  a system. 


No  matter  how  adroit  one  becomes  in  interpreting  tbe  rating 
labels  correctly,  tbe  cost  of  the  system  remains  a paramount 
concern  of  responsible  manufacturers,  dealers,  and  buyers.  And 
the  arrival  of  systems  testing  hasn’t  diminished  the  importance  of 
other  factors,  such  as  the  reliability  and  durability  of  tbe  equip- 
ment. 
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Passive  Water  Heaters 
Gaining  Ground 

A dramatic  shift  is  taking  place  in  the  solar 
hot  water  market.  Even  companies  that  have 
built  solid  reputations  on  active  systems  are 
bringing  out  new  passive  heaters. 


A solar  equipment  distributor  and  one 
of  his  top  dealers  met  quietly  last 
month  in  a Sacramento  restaurant. 
Over  dinner,  the  distributor  did  most  of  the 
talking,  hard-selling  the  virtues  of  a new  pro- 
duct he  had  ready  for  distribution-an  ICS  col- 
lector, or  batch  heater.  After  they’d  ordered 
dessert,  the  dealer  leaned  forward  across  the 
table  and  patiently  spelled  out  his  position, 
“Look,”  he  said,  “I’ve  spent  a lot  of  time 
mastering  active  DHW  systems,  learning  how 
to  sell  them,  how  to  install  them,  and  how  to 
service  them.  Ask  me  anything  you  want  to 
know  about  pumps,  or  controllers,  or  sensors, 
and  I can  probably  give  you  a pretty  good 
answer.  Now,  after  all  that...”  and  here  his 
voice  took  on  an  incredulous,  somewhat  ir- 
ritable tone,  “...you’re  asking  me  to  turn 
around  and  start  selling  passive  systems?” 

Episodes  like  this  are  being  played  out  from 
Los  Angeles  to  Miami  as  more  and  more  com- 
panies introduce  thermosiphon  and  integral 
collector  storage  (ICS)  sy,stems  for  the  solar 
domestic  hot  water  market.  In  California,  a 
bellwether  state  for  the  industry,  an  estimated 
38  percent  of  the  75,000  residential  systems 
sold  in  1982  were  passive,  according  to  the 
California  Energy  Commi<«ion.  Some  private 
industry  analysts  estimate  that  the  penetration 
is  now  approaching  50  percent  of  all  new  in- 
stallations in  California,  and  the  popularity  of 
such  systems  is  rising  in  other  Sun  Belt  states 
as  well,  particularly  in  New  Mexico,  Arizona, 
and  Florida. 

In  a word,  the  appeal  of  passive  systems  lies 
in  their  simplicity,  which,  their  advocates 
claim,  makes  them  much  easier  to  sell  and  in- 
stall. Moreover,  the  argument  goes,  there’s 
much  less  maintenance  with  passive  systems, 
which  translates  directly  into  reliability  and 
performance.  Finally,  and  here  the  theory  is 
not  always  borne  out  in  reality,  passive 
systems  are  less  expensive  than  conventional 
pumped  systems. 

“Look  at  the  market  from  a dealer’s  perspec- 
tive,” suggests  Jackson  Gouraud,  president  of 
Servamatic  Solar  Systems,  a California-based 
company  that  has  spearheaded  the  sale  of  ICS 


systems  and  is  currently  installing  over  600  of 
them  a month.  “Dealers  are  in  business  to 
make  money.  When  they  learn  that  passive 
systems  are  easier  to  install  and  nearly 
maintenance-free,  their  business  sense  will 
steer  them  in  that  direction.  That’s  why  I think 
that  over  the  long  run  passive  systems  are  go- 
ing to  triumph  in  the  marketplace  over  your 
complex  active  systems.” 

The  extent  to  which  passive  DHW  systems 
can  penetrate  the  market  is  an  intriguing  ques- 
tion, particularly  in  northern  climates  where 
freeze  protection  is  a critical  issue.  But  the  fact 
that  so  many  companies— even  ones  that 
have  built  their  reputations  on  active 
DHW — are  introducing  new  passive  systems 
is  a strong  indication  that  the  market  is 
undergoing  a meaningful,  and  perhaps  per- 
manent, shift. 

Gulf  Thermal,  a Florida-based  firm  that  has 
its  roots  in  the  active  side  of  the  industry, 
recently  introduced  the  PT-40,  a low-profile 
ICS  unit.  “We’re  seeing  some  definite  patterns 
emerging  across  the  nation,”  says  Griff  Gar- 
rison, who  heads  the  company’s  marketing 
activities.  “There’s  no  doubt  that  passive 
systems  are  catching  on  in  the  southern 
California  residential  market,  and  to  some  ex- 
tent all  across  the  Sun  Belt.  They  can  be  sold  at 
lower  prices  than  pumped  systems  and  rarely 
demand  service  calls,  which  in  turn  makes  it 
possible  for  companies  to  offer  good  strong 
warranties.” 

Morning  Star  Manufacturing,  another  Florida 
firm  that  has  heretofore  made  its  bread  and  but- 
ter selling  collectors  for  active  systems,  is  also 
tooling  up  to  produce  a new  ICS.  So  too  is  Fafco, 
based  in  Menlo  Park,  Calif,,  claiming  that  its 
new  ICS  will  match  the  performance  of  conven- 
tional flat-plate  collectors  while  selling  for  30 
percent  less. 

Several  new  thermosiphon  collectors  are  also 
making  their  debut  in  the  American 
marketplace.  Solcoor,  which  handles  Israeli- 
made  Lordan  Solar  Energy  Systems,  last  month 
introduced  Solar  Syphon.  And  Solar  Edwards  is 
gearing  up  to  distribute  its  Australian-made 
thermosiphon  all  across  the  Sun  Belt. 


Product  development  is  proceeding  in 
another  direction  as  well:  designing  passive 
DHW  systems  that  can  compete  in  cold<limate 
markets. 

Despite  the  fact  that  the  basic  technology  for 
ICS  and  themosiphon  collectors  has  been 
around  for  decades,  reliable  methods  to 
measure  their  performance  are  only  now  being 
developed.  And  though  the  Solar  Rating  and 
Certification  Corporation  (SRCC),  the  Florida 
Solar  Energy  Center,  and  other  industry  groups 
are  making  important  strides  in  developing 
reliable  test  procedures  and  the  means  to  com- 
municate the  results  to  buyers,  most  industry 
observers  would  concur  that  the  evolution  is 
not  complete.  Current  tests,  for  example, 
generally  fail  to  reflect  the  influence  of  different 
climates  and  hot  water  use  patterns  on  the  per- 
formance of  collectors  and  systems. 

On  the  cost  side  of  the  equation,  buyers  in- 
tent on  doing  some  comparison  shopping  at 
this  point  in  time  would  find  an  extraordinary 
range  of  prices  for  ICS  and  thermosiphon 
systems,  running  from  about  $1000  to  $4500.  It 
is  worth  noting  that  at  the  upper  end  of  these 
price  ranges,  passive  units  are  costing  about  the 
same  as— or  more  than— conventional 
pumped  systems,  though  they  may  not  be  able 
to  deliver  comparable  performance. 

Where  prices  will  finally  settle  vis-a-vis  per- 
formance is  a subject  of  lively  debate.  Some  in- 
dustry observers  believe  that  heated  competi- 
tion, perhaps  even  a price  war,  will  shape  up 
in  the  next  year  or  two.  Others  point  to  the  fact 
that  there  are  some  28  million  houses  in  the 
Sun  Belt  and  the  level  of  current  market 
penetration  is  so  low  that  it  will  be  years  before 
price  competition  really  develops.  A third 
group  would  argue  that  few  consumers  actual- 
ly shop  around  or  make  cost-to-performance 
evaluations  anyway,  so  the  question  is  moot. 

There  can  be  no  disagreement,  however, 
that  passive  solar  water  heaters  are  enjoying  a 
rebirth  in  the  United  States.  Whether  or  not 
they  will  regain  their  former  glory,  emerging 
as  the  preeminent  residential  system,  remains 
to  be  seen. 
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Marking  the  resurgence  of 
interest  in  simple  solar 
water  heaters,  many 
thermosiphon  and  integral  col- 
lector storage  systems  are  now 
entering  the  market.  Technical 
specifications,  the  results  of  the 
system  test  if  available,  and  the 
retail  list  price  or  installed  price 
are  presented  for  the  heaters 
detailed  below.  In  addition  to 
the  manufacturers  listed  here, 
several  companies  offer  passive 
DHW  systems  that  rely  on 
phase-change  heat  transfer  fluids 
such  as  Freon™.  An  article  on 
these  special  passive  heaters  will 
appear  in  an  upcoming  issue  of 
Solar  Age. 


Amcor  Group,  Ltd. 

7949  Alabama  Ave. 

Canoga  Park,  CA  91304 
(213)  992-6592 

One  of  the  largest  suppliers  of 
solar  equipment  in  Israel  and 
Western  Europe,  Amcor 
manufactures  both  flat-plate  col- 
lectors and  complete  ther- 
mosiphon water  heating 
systems.  More  than  1 50,000 
Solon  thermosiphon  units  have 
been  sold  worldwide,  and  total 
net  sales  in  1981-82  were 
$3,610,000.  The  Solon  120 
system  can  be  supplied  with  an 
integral  electrical  backup  ele- 
ment in  the  tank.  The  system 
would  then  qualify  as  Solar  Plus 
Supplemental  under  ASHRAE 
rules  but  would  provide  a com- 
plete DHW  system.  The  backup 
element  would  also  function  as 
a convenient,  if  inefficient, 
freeze-protection  device. 

Model:  Solon  120,  thermo- 
siphon 

Gross/lNet  area:  25.8/22.8  ft^ 
Absorber:  steel  fins/copper 
risers/black-chrome  selective 
surface 

Cover  plate:  single-glazed 
tempered-low-iron  glass 
Frame:  extruded  anodized 
aluminum 

Insulation:  cast  polyurethane 
Tank:  32-gallon  glass-lined  steel 
with  cast  polyurethane  in- 
sulation 

Freeze  protection:  drip  valve 
No.  units  in  system:  1 
Systems  test:  20,100 

Qres  750;  L 3.66 
Price:  list  $3500-$4500,  in- 
stalled 


California  Solar  Conversion 

1345  W.  Washington  Blvd. 
Venice,  CA  90291 


(213)  392-5766 

The  Salva  1 200  is  made  in 
France  by  Salva  Eclair,  manufac- 
turer of  over  1 5 percent  of  all 
the  water  heaters  in  France  and 
over  40  percent  of  French  solar 
water  heaters.  An  integral  elec- 
trical backup  element  is 
available,  and  a 68-gallon  model 
will  be  offered  soon.  California 
Solar  Conversion,  which 
handles  importation  of  the  units 
to  California,  is  actively  building 
a distributor  network. 

Model:  Salva  1200,  ther- 
mosiphon 

Gross/Net  area:  8/6.6  ft^  per 
panel 

Absorber:  aluminum 
fins/copper  tubes/black 
anodized  surface 
Cover  plate:  single-glazed 
tempered  low-iron  glass 
Frame:  Enamelled  galvanized 
sheet  steel 

Insulation:  Foamed 
polyurethane 

Tank:  40-gallon  cement-lined 
steel  insulated  with  foamed 
polyurethane 

Freeze  protection:  drip  valve 
No.  imits  in  system:  1 unit/3 
panels 

Systems  test:  15,085; 

3345;  L 4.03 
Price:  List  $2200-$2500 


Conservation  Concepts,  Inc. 

484  Middletown  Rd. 
Hummelstown,  PA  17036 
(717)  566-7032 

Conservation  Concepts  has  been 
building  passive  solar  water 
heaters  in  the  shadow  of  Three 
Mile  Island  since  1980.  The  cur- 
rent Sundrop  unit  is  designed  to 
be  installed  as  part  of  or  con- 
nected to  a heated  space  to 
allow  positive  freeze  protection. 
The  entire  unit  can  be  installed 
either  horizontally  or  vertically 
and  is  also  available  in  kit  form 
for  the  do-it-yourselfer. 

Model:  Sundrop,  integral  col- 
lector storage 

Gross/Net  area:  24.3/23  ft^ 
Absorber:  Stainless-steel  tank 
with  selective  surface. 

Cover  plate:  triple 
glazed/outer  tempered  low- 
iron  glass/inner  dual  Teflon 
Frame:  wood/structural 
plywood  shell 

Insulation:  polyisocyanurate 
foam 

Tank:  50-gallon  304  stainless 
steel  with  selective  surface 


Freeze  protection:  connect  to 
heated  house  or  drain  during 
winter 

No.  imits  in  system:  1 
Systems  test:  no 
Price:  List  $1395 


Cornell  Energy  Inc. 

4175  S.  Fremont  Ave. 

Tucson,  AZ  85714 
(602)  882-4060 

Cornell  Energy  started  manufac- 
turing batch  heaters  in  1979.  By 
1982,  when  the  first  patent  had 
been  granted,  it  had  sold  over 
1500  units.  The  latest  model,  the 
360,  is  one  of  only  a few  units 
covered  by  a 20-year  warranty 
against  freezing,  corrosion,  and 
overheating  (providing  that  the 
unit  is  installed  in  accordance 
with  the  manufacturer’s  direc- 
tions). The  classic  design  makes 
extensive  use  of  high-technology 
materials  to  improve  perfor- 
mance. 

Model:  360-32,  integral  collector 
storage 

Gross/Net  area:  1 8. 1 / 1 7 ft^ 

Absorber:  steel/ selective 
nickel-foil  surface 
Cover  plate:  triple 
glazed/outer  tempered  low- 
iron  glass/inner  dual 
fiberglass  reinforced  acrylic 
Frame:  fiberglass 
Insulation:  polyisocyanurate 
foam 

Tank:  32-gallon  glass-lined  steel 
with  selective  surface 


Freeze  protection:  thermal 
mass/insulation 
No.  imits  in  system:  2 
Systems  test:  Q^g.j.  19,900; 

5860;  L 19.69 
Price:  List  $995/  unit 


Entech  Marketing,  Inc. 

PO  Box  549 
Tualatin,  OR  97062 
(503)  692-6974 

The  Sun-Flame  passive  solar 
water  heater  is  one  of  the  first 
ICS  systems  designed  specifically 
in  response  to  the  systems  test 
procedure  outlined  in  the  article 
starting  on  page  28  of  this  issue. 
The  selectively  coated 
aluminum  absorber  is  strapped 
to  the  storage  tank  to  allow  a 
larger  absorber  area  than  usual. 
When  installed  between  the  roof 
rafters  the  low-profile  unit 
resembles  a skylight  and  has  in- 
creased freeze  protection. 

Model:  Sun-Flame,  integral  col- 
lector storage 

Gross/Net  area:  30.7/24.2  ft^ 
Absorber:  aluminum  plate 
strapped  to  tank/black- 
chrome  selective  surface 
Cover  plate:  double 
glazed/outer  acrylic/inner 
Teflon 

Frame:  aluminum 
Insulation:  polyisocyanurate 
foam/fiberglass 

Tank:  36-gallon  glass-lined  steel 

Freeze  protection:  drain 
during  freezing  periods 
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No.  units  in  system:  2 
Stytems  test:  0,^^^  26,400; 

10,300;  L 15.09 
Price:  List  $1100-$1400/unit 


Environment  One  Corp. 

2773  Balltown  Rd. 

Schenectady,  NY  12309 
(518)  346-6161 

The  El  One  thermosiphon  unit 
represents  the  first  foray  into  the 
solar  market  by  a northern  com- 
pany primarily  involved  with 
the  manufacturing  and 
marketing  of  electrical  and  elec- 
tronic products  and  systems  for 
controlling  environmental  pollu- 
tion. The  highly  engineered 
E|One  is  designed  for  either 
ground  or  roof  mounting  and 
uses  a horizontal  collector  for  a 
low  profile. 

Model:  EjOne  Thermosyphon 
Gross/Net  area:  42.3/21.5  ft^ 
(gross  includes  footprint  of 
tank) 

Absorber:  copper  fins,  risers, 
headers/semi-selective  black 
surface 

Cover  plate:  single 
glazed/low-iron  tempered 
glass 

Frame:  fiberglass/ aluminum 
Insulation:  fiberglass/polyiso- 
cyanurate  foam 

Tank:  40-gallon  glass-lined  steel 
with  polyisocyanurate  insula- 
tion 

Freeze  protection:  drip  valve 
No.  units  in  system:  1 


Systems  test:  no 
Price:  List  $1595 


Gulf  Tbermal  Corp. 

PO  Box  1273 
Sarasota,  FL  33578 
(813)  957-0106 

The  ProgressivTube  trade  name 
for  the  PT-40  is  descriptive  of 
the  design  of  the  horizontal  ab- 
sorber/storage tanks.  The  cold 
water  enters  the  unit  at  the  bot- 
tom, feeding  into  the  first  tank. 
The  next  three  tanks  are  con- 
nected in  series,  providing  good 
stratification  as  the  water  in  the 
upper  tanks  gets  progressively 
hotter.  The  feed  to  the  house  is 
off  the  top  using  the  hottest 
water  first.  When  properly  in- 
stalled, Gulf  Thermal  offers  a 
20-year  warranty  against  freez- 
ing. 

Model:  PT-40,  integral  collector 
storage 

Gross/Net  area:  19.5/17.4  ft^ 
per  unit 

Absorber:  stainless-steel  tanks 
with  selective  paint 
Cover  plate:  triple 
glazed/outer  tempered  low- 
iron  glass/inner  dual  Teflon 
Frame:  extruded  aluminum 
Insulation:  polyiso- 
cyanurate/unbonded 
borosilicate 

Tank:  four  304  stainless-steel 
tanks  connected  in 
series/total  volume  38.3 
gallons  per  unit 


Freeze  protection:  thermal 
mass/drain  during  freezing 
weather 

No.  units  in  system:  2 
Systems  test:  24,600; 

12,200;  L26.83 
Price:  Dealer  quote  $3500- 
$4500,  installed 


Intersolar 

9505  Bamboo  Road 
Houston,TX  77041 
(713)  462-6111 

Intersolar , with  offices  in 
Houston,  London,  Zurich 
Sydney,  and  Durban,  serves  as 
the  marketing  firm  for  a consor- 
tium of  several  companies 
manufacturing  solar  equipment. 
In  addition  to  the  thermosiphon 
unit  listed.  Intersolar  will  be  sell- 
ing a 30-gallon  batch  heater,  a 
larger  thermosiphon  unit,  and  a 
line  of  freeze-tolerant  stainless- 
steel  collectors.  The  company  is 
actively  looking  for  American 
distributors  of  its  products. 

Model:  Solarval  Thermosyphon 
Gross/Net  area:  15.3/9.8  ft^ 
(gross  includes  tank  footprint) 
Absorber:  444  18  Cr  2 Mo 
stainless  steel/flat-black  or 
selective  surface 
Cover  plate:  polycarbonate  or 
low-iron  tempered  glass 
Frame:  aluminum 
Insulation:  1”  fiberglass 
Tank:  19-gallon  stainless 
steel/fiberglass  insulation/ 
FRP  cover 

Freeze  protection:  absorber 
design  is  inherently  freeze- 
tolerant 

No.  units  in  system:  1 
Systems  test:  in  progress 
Price:  List  $480-$600 


King  Energy  Systems,  Inc. 

1961  McGaw 
Irvine,  CA  92714 
(714)  754-5783 

King  Energy  may  be  the  largest 
domestic  manufacturer  of  batch 
heaters,  It  sells  the  Sunchief 
6000  under  its  own  label,  also 
manufactures  the  Sun  Flow  600 
RD  for  Servamatic  Corporation, 
and  has  a line  of  flat-plate  collec- 
tors. The  6000  is  double  glazed 
with  polycarbonate  and  uses  a 
fixed  stainless-steel  reflector 
below  the  horizontally  mounted 
tanks  to  concentrate  sunlight  on 
the  absorber. 

Model:  6000,  integral  collec- 
tor storage 

Gross/Net  area:  13.19/12  ft2 


Absorber:  stainless-steel 
tank/flat-black  paint 
Cover  plate:  double 
glazed/dual  polycarbonate 
Frame:  stainless  steel 
Insulation:  air 

T^ulk:  20-gallon  304  L stainless 
steel 

Freeze  protection:  drain  in 
freezing  weather 
No.  units  in  system:  3 
Systems  test:  Q^et  20,400; 

Qres  5400;  L 28.72 
Price:  Dealer  quote 
$3800-$41600,  installed 
(includes  other  conservation 
measures) 


Nature’s  Way  Energy 
Systems 

PO  Route  8 

Old  Homestead  Highway 
Keene,  NH  03431 
(603)  352-1186 

The  Enhanced  Batch  Module  is 
designed  to  be  built  into  the 
house,  usually  as  part  of  the  at- 
tic, eliminating  freeze  problems. 
The  outer  layer  of  glazing  then 
becomes  the  weather  surface  of 
the  roof.  The  stainless-steel  tank 
is  covered  at  night  by  insulated 
shutters  that  greatly  reduce  heat 
loss  and  can  be  operated 
manually  or  automatically. 

Model:  Enhanced  Batch 
Module 

Gross/Net  area:  24.3/22.6  ft^ 
Absorber:  stainless-steel 
tank/sunsponge  selective 
surface 

Cover  plate:  double 
glazed/low-iron  glass 

Frame: 

wood/aluminum/moveable 
insulated  shutters 
Insulation:  polyisocanurate 
foam 

Tank:  40-gallon  stainless  steel 
Freeze  protection:  interior  to 
house  with  increased  night 
insulation 

No.  units  in  system:  1 
Systems  test:  no 
Price:  List  $1322 


Prime  Energy  Products  Inc. 

7669  Washington  Ave.  S 
Edina,  MN  55435 
(612)  944-9300 

Prime  Energy  is  a Minnesota 
company  that  markets  its  batch 
heater  locally  primarily  for  use 
in  summer  homes  or  hunting 
cottages.  The  Concentrator  is 
available  in  either  horizontal  or 
vertical  models.  In  addition. 
Prime  Energy  will  soon 
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distribute  the  Thermomax 
phase-change  passive  heater, 
manufactured  in  Northern 
Ireland.  This  heater  will  be  able 
to  use  either  water  or  a 
fluorocarbon  as  the  heat  transfer 
fluid. 

Model:  Concentrator,  integral 
collector  storage 
Gross/Net  area:  26/20.25  ft^ 
Absorber:  steel  tank  with 
semi-selective  flat-black  paint 
Cover  plate:  triple 
glazed/outer  tempered 
glass/inner  dual  Teflon 
Frame:  aluminum 
Insulation  polyisocyanurate 
foam 

Tank:  30-gallon  glass-lined  steel 

Freeze  protection:  thermal 
mass/insulation/drain  during 
freezing  weather 
No.  units  in  system:  1 
Systems  test:  no 
Price:  List  $875 


Servamatic  Solar  Systems 

1641  Challenge  Dr. 

Concord  CA  94520 
(415)  680-8853 

Servamatic  stresses  that  when  it 
sells  the  Sun  Flow  600  RD  it  is 
selling  a system.  The  purchase 
price  includes  various  other  con- 
servation measures,  such  as 
reinsulating  the  existing  water 
heater  and  hot  water  pipes. 
Servamatic  has  sold  over  18,000 
batch  heaters  and  is  presently 
installing  about  600  a month. 

Model:  Sun  Flow  600  RD,  in- 
tegral collector  storage 
Gross/Net  area:  27.2/24.8  ft^ 
Absorber:  304  L stainless-steel 
tank/non-selective  black  paint 
Cover  plate:  double 
glazed/outer  DR-plex 
acrylic/inner  polycarbonate 
Frame:  plastic 
Insulation:  air 
Tank:  25-gallon  stainless  steel 
Freeze  protection:  drain 
during  freezing  weather 
No.  units  in  system:  2 
Systems  test:  20,900; 

Qres  4800;  L 18.85 
Price:  List  $3800-$4400,  in- 
stalled (includes  other  conser- 
vation measures) 


Sharpe  Solar  Systems 

4300  Easton  Drive,  Suite 
Bakersfield,  CA  93309 
(805)  325-4220 

Sharpe  is  a small  company  that 
builds  and  markets  the  Magic 
Box  batch  heater  in  and  around 


Bakersfield,  Calif.  The  Magic 
Box  is  one  of  the  few  ICS  units 
that  uses  FRP  (Filon™  in  this 
case)  as  an  outer  glazing 
material.  The  heater  uses  two 
tanks  plumbed  in  series  with  flat 
black  on  the  first  tank  and  a 
selective  surface  on  the  second 
to  help  reduce  heat  loss. 

Model:  Magic  Box,  integral  col- 
lector storage 

Gross/Net  area:  32/26.5  ft^ 
Absorber:  steel  tanks  with  flat- 
black  paint  on  first/selective 
surface  on  second 
Cover  plate:  double 
glazed/outer  FRP/inner 
Teflon 

Frame:  aluminum 
Insulation:  polyurethane  foam 
Tank:  dual  30-gallon  glass-lined 
steel 

Freeze  protection:  drain  dur- 
ing freezing  weather 
No.  units  in  system:  1 
Systems  test:  in  progress 
Price:  List  $1595 


Solahart  USA 

3560  Dunhill  St. 

San  Diego,  CA  92121 
(619)  452-5805 

Solahart  is  an  Australian-based 
company  that  has  been  produc- 
ing thermosiphon  units  since 
1953,  although  the  appearance 
of  its  new  unit  bears  little 
resemblance  to  the  earlier 
models.  Solahart  is  the  only 
manufacturer  at  present  to  have 
submitted  its  thermosiphon  unit 
for  testing  as  a Solar  Plus 
Supplemental  using  an  integral 
electrical  element  to  provide 
backup  auxiliary  heating.  A new 
model,  (which  has  not  com- 
pleted the  system  test),  the 
300LJ,  uses  a tank-within-a-tank 
for  freeze  protection.  The  collec- 
tor fluid  (propylene  glycol)  is  cir- 
culated around  the  outside  of 
the  storage  tank  and  does  not 
mix  with  the  domestic  water 
supply. 

Model:  80  GE,  thermosiphon 

Gross/Net  area:  21.3/20.1  ft2 
per  panel 

Absorber:  aluminum 
panel/copper  tubes/flat-black 
paint  surface 
Cover  plate:  single 
glazed/tempered-low-iron 
glass 

Frame:  aluminum 
Insulation: 

fiberglass/ polystyrene 
Tank:  80-gallon  glass-lined 
steel/polyurethane  insula- 


tion/aluminum cover 
Freeze  protection:  integral 
auxiliary  heating  element 

No.  units  in  system:  1 unit/3 
panels 

Systems  test:  Q^et  35,400; 
Qres  26,500;  L 8.51;  Qcap 
21,000;  Qaux  16,500 
Price:  List  $4400-$4500,  in- 
stalled 


Solar  Components  Corp. 

PO  Box  237 
Manchester,  NH  03105 
(603)  668-8186 

Solar  Components,  a longtime 
mail-order  supplier  of  solar  pro- 
ducts, manufactures  Sunlite,  a 
proprietary  fiberglass-reinforced 
plastic  glazing  material.  Recently 
it  has  introduced  a batch  heater 
using  two  30-gallon  tanks  in 
series  and  double  glazed  with 
Sunlite.  The  manufacturer  says 
that  the  heaters  have  survived 
three  New  Hampshire  winters 
without  freezing.  Energy  produc- 
tion in  winter  is  low  and  further 
reduced  when  the  energy  used 
by  the  pad-heater  freeze- 
protection  device  is  taken  into 
account. 

Model:  Sunlite  Solar  Water 
Heater,  integral  collector 
storage 

Gross/Net  area:  14.9/10  ft^ 
(net  is  area  of  absorber  tanks) 
Absorber:  steel  tanks  with  flat- 
black  paint  surface 


Cover  plate:  double 
glazed/dual  FRP 
Frame:  aluminum 
Insulation:  polyisocyanurate 
foam 

Tank:  dual  30-gallon  glass-lined 
steel  tanks  with  flat-black 
paint 

Freeze  protection:  optional 
electric  pad  heaters 
No.  units  in  system:  1 
Systems  test:  no 
Price:  List  $999.00 


Solar  Edwards,  Inc., 

7636  Miramar  Rd.,  Suite  1400 
San  Diego,  CA  92126 
(619)  695-0888 

Solar  Edwards  is  a rival  of 
Solahart  in  Australia  but  a 
relative  newcomer  to  the 
American  scene.  It  is  one  of  the 
latest  recipients  of  the  Australian 
Design  Award  for  hot  water 
systems  (May  1982)  for  models 
L305  and  L440.  The  L305, 
which  underwent  systems 
testing  as  a solar  preheat  unit, 
could  equally  well  have  been 
submitted  as  a Solar  Plus  Sup- 
plemental unit  using  the  op- 
tional integral  electrical  backup 
heating  element. 

Model:  L305,  thermosiphon 

Gross/Net  area:  2 1 . 1 /20. 1 ft2 
per  panel 

Absorber:  aluminum  fin/cop- 
per tubes/flat-black  paint 
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surface 

Cover  plate:  single-glazed  low- 
iron  tempered  glass 
Frame:  zinc-aluminum  coated 
steel 

Insulation:  fiberglass 
Tank:  80.7-gallon  stainless 
steel/polyurethane  insula- 
tion/aluminum cover 
Freeze  protection:  optional 
integral  auxiliary  heating 
element 

No.  units  in  system:  1 unit/2 
panels 

Systems  test:  25,000; 

Qres  17,200;  L 7.92 
Price:  List  $3000-$4000, 
installed 


Solcoor  Incorporated 

849  S.  Broadway,  Suite  208 
Los  Angeles,  CA  90014 
(213)  622-4181 

Solcoor,  Inc.,  is  the  United  States 
marketing  arm  for  Lordan,  a 
large  Israeli  manufacturing  firm. 
Lordan’s  Thermosyphone, 
which  is  pre.sently  undergoing 
systems  testing  at  the  DSET 
Laboratories  in  Arizona,  is  wide- 
ly sold  In  Israel  and  uses  the 
LSC-D  collector  with  pressure- 
injected  isocyanurate  insulation. 
Over  70,000  units  have  been  in- 
stalled worldwide. 

Model:  Lordan  Solar  Syphon, 
thermosiphon 

Gross/Net  area:  21.9/20.8  ft^ 


Absorber:  vertical  aluminum 
fins/copper  tubes/flat-black 
surface 

Cover  plate:  single 
glazed/tempered  low-iron 
glass 

Frame:  galvanized  steel/black 
acrylic  coating 

Insulation:  injection-molded 
isocyanurate 

Tank:  28-gallon  glass-lined  steel 
with  isocyanurate  insula- 
tion/galvanized steel  cover 

Freeze  protection:  drip  valve 
if  required 

Systems  test:  in  progress 

Price:  List  $800-$900 


Sunloop  Corporation 

4208  N.  Freeway  Blvd.,  *4 
Sacramento,  CA  95834 
(916)924-7244 

The  Hot  Stuff  is  a twin-tank 
batch  heater.  The  tanks  are  con- 
nected in  series  to  increase  the 
stratification  of  hot  water.  In 
new  construction  the  galvanized 
frame  can  be  recessed  into  the 
roof  between  the  rafters,  giving 
the  clean  appearance  of  a 
skylight  and  providing  increased 
freeze  protection.  The  triple  glaz- 
ing incorporates  a layer  of  in- 
frared reflective  film  (Heat 
Mirror™)  for  increased  heat 
retention. 

Model:  Hot  Stuff,  integral  collec- 
tor storage 


Gross/Net  area:  27.8/24.3  ft^ 
Absorber:  steel  tank/black- 
chrome  selective  surface 
Cover  plate:  triple 
glazed/outer  tempered 
glass/middle  Heat  Mirror™/ 
inner  low-iron  glass 
Frame:  Painted  galvanized  steel 
Insulation:  polyurethane 
Tank:  twin  30-gallon  glass-lined 
steel  tanks  with  black-chrome 
selective  surface/total  volume 
60  gallons 

Freeze  protection:  drain  dur- 
ing freezing  weather 
No.  units  in  system:  1 
Systems  test:  in  progress 
Price:  List  $2000 


Sunwizard  Inc. 

1424  West  259th  St. 

Harbor  City.  CA  90710 
(213)  539-8590 

The  Sunwizard  is  one  of  the 
most  unusual  looking  batch 
heaters  on  sale  today.  Common- 
ly placed  vertically  on  a patio, 
the  unit  has  a cylindrical  glazing 
completely  surrounding  the 
120-gallon  tank.  An  optional 
auxiliary  electrical  element  can 
be  installed.  The  Sunwizard  uses 
a silica  gel  and  activated- 
charcoal  solar-regenerated 
desslcator  to  prevent  condensa- 
tion inside  the  unit. 

Model:  Sunwizard  120 
Gross/Net  area:  47/38  ft2 
(net  is  absorber  tank) 
Absorber:  glass-lined 
steel/black-nickel  selective 
surface 

Cover  plate:  single 
glazed/acrylic 
Frame:  plastic/ wood 
Insulation:  air  space 
Tank:  120-gallon  glass-lined 
steel  with  selective  surface 
Freeze  protection:  drain  in 
freezing  weather 
No.  units  in  system:  1 
Systems  test:  Q^et  1 1,500; 

Qres  6100;  L 23.92 
Price:  List  $1100-$1300 


TEF  Manufacturing 

1550  N.  Clark 
Fresno,  CA  93703 
(209)  441-1833 

TEF,  in  the  solar  energy  field 
since  1974,  has  just  moved  into 
the  batch  heater  market  with 
the  introduction  of  the  SunRun- 
ner— an  innovative  ICS  unit. 
The  SunRunner  uses  a 12-volt 
motorized  insulated  shutter  to 


reduce  heat  loss  from  the  tank 
whenever  there  is  no  useful 
solar  energy  to  collect.  The  shut- 
ter opens  when  a temperature 
probe  in  the  front  cavity  of  the 
unit  is  hotter  than  1 10°F.  The 
shutter  closes,  fully  surrounding 
the  absorber/storage  tank,  when 
the  probe  temperature  drops  to 
100«F. 

Model:  SunRunner,  integral  col- 
lector storage 

Gross/Net  area:  30/22.7  ft^ 
Absorber:  single 
glazed/tempered-low-iron 
glass 

Frame:  zinc-plated 
steel/enamel  coating 
Insulation:  polyisocyanurate 
Tank:  40-gallon  glass-lined  with 
selective  surface 
Freeze  protection:  automatic 
movable  insulated  shutter 
No.  units  in  system:  1 
Systems  test:  in  progress 
Price:  List  $1349-$  1499 


Western  Solar  Tech  Inc. 

4221  Luther  St. 

PO  Box  20121 
Riverside,  CA  92506 
(714)  683-5290 

While  Western  Solar  Tech  is  a 
relatively  small  company,  its 
Monterey  ICS  is  a classic,  high- 
tech  batch  heater  using  a 
stainless-steel  tank,  selective  foil 
surface,  and  a computer- 
designed  reflector  to  augment 
the  radiation  striking  the  tank.  A 
chart,  shipped  with  the  legs  for 
the  heater,  gives  the  precise  leg 
lengths  required  for  correct  in- 
stallation on  any  roof.  Two  or 
three  units  are  usually  installed 
in  series  for  residential  applica- 
tions. 

Model:  Monterey,  integral 
collector  storage 
Gross/Net  area:  13.5/10.8  ft^ 
Absorber:  stainless-steel  tank 
with  selective  black-chrome 
foil  surface 

Cover  plate:  double 
glazed/ dual  tempered-low- 
iron  glass 

Frame:  steel/fiberglass 
Insulation:  fiberglass 
Tank:  23-gallon  304  stainless 
steel  with  black-chrome  sur- 
face 

Freeze  protection:  drain  unit 
during  freezing  weather 
No.  units  in  system:  3 
Systems  test:  Q,^et  19,500; 

Qres  10,200;  L 16.33 
Price:  List  $3700  for  three-unit 
system,  installed  ^ 
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By  C.J.  Kelly 


You’ve  decided  on  solar  heating,  cool- 
ing, or  hot  water  for  your  building. 
The  success  of  the  project  depends 
on  you.  You’ve  read  the  glowing  reports  of 
profitable  solar  projects,  but  you’ve  also 
seen  gloating  accounts  of  disasters.  Many 
of  these  failures  were  designed  by  people 
who  should  have  known  what  to  do.  How 
can  you  ensure  that  your  system  does  not 
end  up  one  of  the  casualties?  Hasn’t  any- 
one assembled  all  the  lessons  learned  from 
both  the  successes  and  the  failures?  Yes. 
The  National  Solar  Data  Network  has 
analyzed  instrumented  data  from  well  over 
100  installations  throughout  the  United 
States  since  1977.  In  addition,  network  per- 
sonnel have  reviewed  the  designs  at  hun- 
dreds of  other  sites,  visiting  many  of  them, 
to  see  if  they  were  suitable  for  instrument- 
ing. This  article  will  give  you  some  impor- 
tant suggestions  based  on  this  experience. 


C.J.  Kelly  is  a solar  consultant  in  the  research 
department  of  Vitro  Laboratories,  Silver  Spring, 
MD.  At  the  time  he  researched  the  material  for 
this  article  he  headed  Vitro’s  Solar  System 
Analysis  project. 

Greig  Cranna 


Keep  It  Simple 
Cool,  and 
Cheap 


These  three 
cardinal  rules 
emerge  from  jive 
years  of  field 
experience  with 
solar  heating, 
cooling,  and 
hot  water 
installations. 
Together,  they 
point  the  way  to 
great  system 
performance. 
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Heating  and  cooling  with  redec- 
tor  enhanced  collectors,  the 
Lutz-Sotire  Building,  Stamford, 
Conn,  (above).  "SOLARIS”  by 
Cates  Construction  Co.,  one  of 
about  15  “SOLARIS’-heated  and 
cooled  homes  in  the  Summer- 
held  subdivision  (right).  Resi- 
dential space  heating  and 
domestic  hot  water  in  West- 
brook, Conn,  (below). 


What  follows  is  not  intended  to  be  a 
design  manual.  There  are  plenty  of  good 
texts  and  handbooks  available  for  that.  Nor 
will  this  article  give  you  a substitute  for 
careful  design.  What  it  does  provide  is  di- 
rection for  you  if  you  are  confronted  with 
alternatives.  If  you  are  a designer  deciding 
which  possible  path  to  take  or  a buyer 
given  several  options,  you  can  benefit  from 
this  advice.  Most  of  what  I have  to  say  is  not 


Table  1: 

Solar  space  heating/seasonal  performance  of  an  office  building  in 
Lynchburg,  Va. 

Comparison  with  and  without  soiar-assisted  heat  pump 

1978-79 

1979-80 

Without  Heat  Pump 

With  Heat  Pump 

Solar  fraction 

33% 

74% 

Energy  saved 
(natural  gas) 

24.05  MMBtu 

41.19  MMBtu 

Energy  expense 

9.83  MMBtu 

(electricity) 

4.51  MMBtu 

Net  savings* 
(dollars) 

$52.00 

$58.00 

■Based  on  winter  1980  fuel  cost  of  $0.05  kWh  of  electricity  and  $5.00/1000  ff  of  natural  gas. 


new.  Even  though  the  principles  of  good 
solar  heating  and  cooling  design  are 
handy,  they  were  obviously  not  well  un- 
derstood by  the  people  who  designed, 
selected,  or  built  many  of  the  projects  1 
have  seen. 

We  have  condensed  the  most  important 
things  we  learned  into  three  basic  princi- 
ples to  guide  you  when  you  need  to  select  a 
solar  design.  They  are:  keep  it  simple,  keep 
it  cool,  keep  it  cheap.  If  they  are  kept  in 
mind  during  the  design  selection,  you  will 
avoid  the  most  comrhon  problems. 

Keep  it  simple 

A solar  beating  or  cooling  installation  is  a 
fairly  complex  project  to  begin  with.  It  al- 
most always  contains  a conventional  sys- 
tem as  a backup.  Over  and  above  that  are 
the  solar-specific  piping  or  ductwork,  a 
controller,  storage,  pumps,  fans,  valves, 
dampers,  etc.  All  of  these  increase  the  sys- 
tem cost,  the  risk  of  design  errors,  perfor- 
mance shortfalls,  and  reliability  problems. 
Keep  the  number  and  complexity  of  these 
components  down  even  if  it  means  choos- 
ing a dull,  ptedestrian,  solar  design. 

The  greatest  danger  in  complex  designs 
is  excess  parasitic  energy.  Parasitic  energy 
refers  to  the  energy  required  to  operate  the 
solar  components  of  the  system.  Since  this 
energy  is  almost  always  electricity,  its  use 
directly  reduces  the  savings  gained  from 
the  solar  energy  system.  As  the  complexity 
increases,  the  number  and  size  of  pumps, 
fans,  motorized  valves,  and  dampers  also 
grows.  1 have  seen  very  complex  systems 
use  half  as  much  electrical  energy  as  the 
solar  energy  delivered.  1 agree  innovation 
makes  progress.  Unfortunately,  it  can  also 
make  failure  when  it  breeds  complexity. 
Your  best  chance  for  success  for  yourself 
or  your  client  is  to  stick  with  simple, 
straightforward,  textbook  designs. 

Keep  it  cool 

I use  the  word  cool  in  a relative  sense. 
Certainly,  solar  energy  must  be  at  least 
warm  to  be  useful,  but  many  systems  are 
set  so  that  solar  isn’t  used  until  it  is  rela- 
tively hot.  Energy  isn’t  drawn  from  storage, 
sometimes  collectors  aren’t  even  turned 
on,  until  these  high  temperatures  are 
achieved.  This  is  usually  done  so  that  the 
delivery  device — the  furnace,  heater,  or 
whatever — can  operate  at  its  most  efficient 
level.  This  is  a mistake.  High  temperature 
solar  energy  will  be  available  during  only 
part  of  the  good  days.  You  must  make  use 
of  the  lower  temperature  energy  to  save 
enough  auxiliary  energy  to  justify  the  cost 
of  the  system.  Use  solar  energy  at  the  low- 
est temperature  the  delivery  system  will 
accept  and  still  work  efficiently,  that  is,  will 
not  require  excessive  operating  energy 
(parasitics).  In  fact,  you  should  look  for 
delivery  devices  that  work  well  at  low  tem- 
peratures. 

This  is  a good  place  to  note  that  this 
principle  must  be  applied  carefully  so  as 
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Table  2:  Typical  economic  factors  for  sites  in  the  National  Solar  Data  Network 


System  Type 

Range  of  Cost 

Per  Collector  Area 
$/ft^ 

Yearly  Range  of  Energy 

Saved  Per  Collector  Area 

Btu/ff'* 

Range  of  Return  on 
Investment  After  Inflation 

o/ 

/o 

Hot  water  only 

40  to  60 

190,000  to  290,000 

15  to  18 

Heating  or  Hot 

Water  and  Heating 

30  to  50 

70,000  to  180,000 

2 to  20 

not  to  jeopardize  the  other  two.  For  exam- 
ple, one  way  to  lower  the  solar  utilization 
temperature  is  to  use  a heat  pump  to  de- 
liver solar  energy  for  heating  the  building. 
The  heat  pump  will  take  solar  energy  at 
quite  low  temperatures  and  deliver  it  at 
high  heating  temperatures  fairly  efficiently. 
This  splendidly  satisfies  the  keep-it-cool 
principle,  but  certainly  does  not  keep  it 
simple  or  cheap.  The  heat  pump  is  more 
complex  and  costly  than  say,  a hot-air  duct 
heat  exchanger.  It  will  require  more  com- 
plex controls,  be  harder  to  design,  increase 
operating  costs,  and  probably  decrease  re- 
liability. Will  the  improved  performance 
justify  the  additional  cost  and  risk?  Let’s 
see. 

Table  1 is  a performance  comparison, 
taken  from  the  data  network,  of  a solar 
space  heating  system  installed  in  a small 
office  building  and  warehouse  in  Virginia. 
During  the  1978-79  heating  season,  the  per- 
formance of  the  system  had  been  middling. 
The  heating  solar  fraction  was  33  percent. 
A solar-driven  heat  pump  was  installed, 
thereby  lowering  the  solar  utilization  tem- 
perature from  105°F  to  55°F.  As  expected, 
the  solar  fraction  increased  dramatically 
to  74  percent  and  the  amount  of  natural 
gas  used  for  backup  decreased.  But  the 
electrical  expense  required  to  operate  the 
solar  delivery  system  also  increased.  The 
net  increase  in  monetary  savings  using  re- 
cent energy  costs  for  the  Lynchburg  loca- 
tion was  only  $6.00.  The  savings  did  not 
justify  the  purchase  of  a heat  pump. 

A solar-assisted  heat  pump  might  have 
proven  cost-effective  under  different  phys- 
ical and  economic  conditions.  The  point 
here  is  that  when  a design  selection  puts 
these  basic  principles  in  direct  conflict 
with  each  other,  it  should  sound  a warning. 
You  had  best  have  a thorough  engineering 
and  economic  justification  for  that  choice. 

Keep  it  cheap 

This  may  seem  obvious,  but  data  from  the 
solar  network  show  that  it  is  very  often 
violated,  destroying  the  possibility  of  any 
real  gain  from  the  solar  installation.  Atten- 
tion to  the  cost  of  a system  usually  centers 
on  the  collector  array  since  it  is  generally 
the  most  expensive  subsystem.  The  cost  of 
a solar  energy  system  is  often  quoted  in 
dollars  per  square  foot  of  collector.  The 
larger  the  array,  the  greater  the  square  foot 
area  to  divide  into  the  total  system  cost. 
However,  a larger  collector  array  may  not 
be  as  cost-effective  as  a smaller  one.  Keep- 


Collector  cost  and  energy 
saved  are  only  rough 
indicators  of  economic 
merit.  Before  selecting  a 


ing  the  size  of  the  array  down  is  as  impor- 
tant as  keeping  the  cost  p)er  square  foot 
low.  Economies  can  of  course  be  made  in 
other  parts  of  the  system,  and  the  total  cost 
should  be  kept  in  mind.  One  way  to  do  this 
is  to  determine  the  conventional  energy 
saved  pxjr  square  foot  of  collector  area. 

Collector  cost  and  energy  saved  are  only 
rough  indicators  of  economic  merit.  Before 
a design  is  selected,  a life-cycle  cost  study 
must  be  done.  Several  life-cycle  cost  indi- 
cators are  in  use,  such  as  payback  period.  I 
prefer  the  annual  return  on  investment 
(ROl)  after  inflation.  A range  of  figures  for 
the  data  network  sites  has  been  calculated 
by  Thomas  King  of  Mueller  Associates,  Inc., 
of  Baltimore.  Some  of  these  figures  are 
shown  in  Table  2. 

A common  mistake  that  causes  un- 
necessary cost  is  going  for  a very  large 
solar  fraction.  Large  solar  fractions  usually 
entail  large  collector  arrays.  They  may  also 
require  expensive  collectors,  controllers, 
or  other  equipment.  It  is  better  to  accept  a 
smaller  solar  fraction  in  order  to  achieve 
an  economical  design.  Concentrate  on 
energy  savings  compared  to  the  cost  of  the 
system.  The  solar  fraction  is  only  a design 
tool.  In  commercial  or  industrial  applica- 
tions with  large  loads,  a small  solar  frac- 
tion of  even  10  p)ercent  to  15  pjercent  might 
result  in  impressive  savings.  The  cost  of 
the  conventional  fuel  being  replaced  can 
also  have  considerable  impact. 

Table  2 has  no  figures  for  cooling  appli- 
cations although  the  network  has  several 
representative  active  solar  cooling  sys- 
tems. Not  one  has  shown  significant 
energy  savings  when  compared  to  a con- 
ventional electric  air  conditioner.  Most 


have  been  net  energy  losers.  The  only 
commercially  feasible  active  solar  cooling 
strategy  at  this  time  involves  using  absorp- 
tion-typ)e  air  conditioners.  These  machines 
were  originally  developed  to  use  fossil 
energy  to  heat  a refrigerant  mixture  and 
they  have  been  adapted  to  use  solar  energy 
as  the  heat  source.  Unfortunately,  it  is  very 
difficult  to  adhere  to  the  three  principles 
with  this  type  of  design.  The  absorption  air 
conditioners  often  require  temperatures 
above  180°F  to  operate  efficiently,  thus 
making  it  difficult  to  keep  it  cool.  The  ab- 
sorption chiller  is  usually  augmented  by  a 
conventional  vapor  cycle  electric  chiller.  A 
modern  vapor  cycle  chiller  can  operate  at 
a coefficient  of  performance  (COP)  of  up  to 
4.5,  whereas  the  solar  driven  absorption 
machine  operates  at  a COP  of  0.6  to  0.7. 
High-performance  collectors,  sophisti- 
cated control  systems,  additional  storage, 
and  other  strategies  are  required  to  over- 
come the  high  temperature  requirements 
and  low  COP.  All  of  this  makes  it  next  to 
impossible  to  keep  it  simple  and  cheap. 
This  is  not  to  say  that  a successful  active 
solar  cooling  design  is  not  possible,  but  a 
successful  design  has  not  been  demon- 
strated in  the  network.  Unless  you  are  pre- 
pared to  take  some  risk,  I would  not  rec- 
ommend an  active  cooling  system  at  this 
time,  except  possibly  to  replace  or  aug- 
ment an  existing  fossil-fuel-fired  system. 

While  the  three  basic  principles  sum- 
marize the  most  important  of  the  lessons 
learned  in  the  network,  anyone  about  to 
make  a solar  design  selection  should  con- 
sider many  other  points.  The  following  is  a 
guide  to  successful  solar  design.  Each  item 
is  short  and  easy  to  remember. 

Concentrate  on  controls:  The  control 
system  is  perhaps  the  most  difficult  part  of 
the  system  to  design.  It  demands  compe- 
tent, thoughtful  planning.  It  is  here  you  can 
make  the  simple,  cool,  cheap  system  work 
for  you.  Here  you  can  ensure  that  solar  is 
used  at  the  lowest  temperature  feasible, 
that  simple,  inexpensive  components  can 
be  made  to  perform.  Controls  are  the 
brains  of  the  system,  and  it  takes  brains  to 
design  it. 

Minimize  losses:  Just  because  the  solar 
energy  is  free  doesn’t  mean  it  shouldn’t  be 
conserved.  You  must  deliver  enough  solar 
to  the  load  to  justify  your  capital  invest- 
ment. Insulation  is  a must  on  all  solar  pip- 
ing and  ducting.  While  uncontrolled  losses 
into  the  heating  space  may  contribute  use- 
ful energy,  they  can  also  cause  uneven 
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distribution  and  increase  the  cooling  load. 
Systems  using  air  collectors  are  particu- 
larly susceptible  to  uncontrolled  losses 
caused  by  leakage  from  ducts.  Sealed 
ducts  are  preferred.  Leaky  dampers  are 
also  a major  cause  of  losses  in  these  sys- 
tems. Some  do  not  close  tightly  or  don’t 
remain  tight  after  the  initial  adjustment. 
Duct  or  damper  leaks  can  increase  build- 
ing infiltration  also.  This  can  be  minimized 
by  putting  the  collector  loop  fan  in  the 
collector-to-storage  leg.  In  air  or  liquid  sys- 
tems, outdoor  storage  should  be  very  well 
insulated,  and  the  insulation  protected 
from  moisture,  esp)ecially  ground  water. 

Control  corrosion:  Many  liquid-based 
solar  designs  leave  portions  of  the  liquid 
loops  open  to  the  atmosphere.  This  makes 
them  more  susceptible  to  corrosion  than 
conventional  heating  and  cooling  designs. 
Some  designs  use  antifreeze  for  protection 
of  the  collector  components.  This  may 
make  periodic  and  expensive  replacement 
of  tlie  fluid  necessary  cis  corrosion  in- 
hibitors deteriorate.  Dissimilar  metals, 
such  as  copper  and  steel,  in  the  same  loop 
should  be  avoided  unless  galvanic  protec- 
tion is  provided. 

Provide  monitoring:  Most  installations  in 
the  National  Solar  Data  Network  have  ex- 
perienced problems,  especially  during 
start  up,  which  could  not  have  been  dis- 
covered without  instrumentation.  Invest- 
ing a few  hundred  dollars  in  some  basic 
monitoring  equipment  can  save  thousands 
in  damage  or  wasted  energy. 

Minimize  maintenance:  The  solar 
energy  system  will  be  more  complex  than 
a conventional  heating  or  cooling  plant, 
yet  users  are  not  likely  to  spend  much 
more  effort  maintaining  and  operating  it. 
This  is  especially  true  in  a residential  ap- 
plication. Keep  maintenance  and  operating 
requirements  low. 

Analyze  the  economics:  Economics  are 
hard  to  keep  in  mind  while  immersed  in 
the  intricacies  of  technical  design.  Yet,  the 
bottom  line  is  tlie  dollar  saving  and 
whether  or  not  it  justifies  the  cost  of  the 
system.  Always  demand  a thorough  eco- 
nomic analysis  based  on  realistic  pro- 
jections of  fuel  cost  and  other  factors  plus 
a conservative  estimate  of  thermal  per- 
formance. 

Select  collectors  carefully:  Collectors  axe 
usually  the  biggest  subsystem  expense  for 
the  installation.  Be  sure  the  size  of  the 
array  is  the  smallest  that  will  do  the  job 
satisfactorily  and  that  the  type  and  model 
collector  selected  is  the  most  economical. 
This  may  seem  obvious  but  it  is  often  for- 
gotten. Expensive  tracking  collectors  have 
been  used  where  cheaper  flat-plate  de- 
signs would  have  sufficed. 

Avoid  shading:  Most  people  (but  appar- 
ently not  all)  are  aware  of  the  dangers  of 
collector  shading  by  trees  or  adjacent 
buildings,  but  collector  self-shading  is  fre- 
quently found.  That  is,  where  collectors 


are  arranged  in  rows  the  forward  rows  can 
block  part  of  the  sun  from  the  after  rows.  A 
typical  error  is  to  check  for  self-shading  for 
the  noonday  sun  at  the  winter  solstice. 
This  may  allow  for  considerable  shading 
during  the  morning  and  afternoon  hours  of 
the  short  winter  day. 

Expect  less:  Experience  in  the  solar  data 
network  indicates  that  collector  arrays 
perform  less  well  than  the  efficiency 
curves  given  by  the  manufacturers  would 
indicate.  This  is  because  the  manufactur- 
ers’ curves  are  taken  under  carefully  con- 
trolled laboratory  conditions  on  a single 


Space  heating  and  domestic  hot  water  at 
Cheshire  Elderly  Housing,  Cheshire,  Conn. 
Capone  Construction,  contractor. 


collector  panel.  In  cases  where  the  net- 
work has  been  able  to  accurately  measure 
the  energy  losses  from  storage  tanks  or 
other  components,  the  insulation  appears 
to  be  much  less  effective  than  expected. 
The  only  guidelines  that  I can  give  are  to 
design  conservatively,  pay  particular  at- 
tention to  the  flow  in  cdl  parts  of  the  array, 
and  guard  against  thermal  short  circuits 
around  insulation  such  as  metal  and  pipe 
supports. 

Favor  stratification:  Temperature  strat- 
ification in  storage  tanks  or  bins  is  almost 
always  beneficial.  It  presents  one  way  to 
resolve  the  conflict  between  the  low  tem- 
peratures favored  by  the  solar  end  and  the 
high  temperatures  required  at  the  load 
end.  Simply  feed  the  collector  array  from 
the  cool  bottom  of  the  stratified  tank  or 
box  and  accommodate  the  load  from  the 
hot  top.  Some  designers  have  gone  so  far 
as  to  install  pumps  to  keep  the  storage  tank 
fully  mixed.  Although  design  calculations 
may  be  done  assuming  a fully  mixed  tank 
for  simplicity,  the  mixing  should  not  be 
forced  in  reality.  In  fact,  it  is  often  advisable 
to  install  baffles  or  other  devices  in  storage 
tanks  to  encourage  stratification.  Actual 
versus  theoretical  performance  results 
were  compared  for  a passive,  thermo- 


siphon solar  hot  water  system  in  Honolulu, 
Hawaii.  Since  the  flow  in  the  actual 
thermosiphon  array  was  much  less  than 
the  laboratory  test  conditions,  the  system 
performance  should  have  been  degraded. 
However,  the  benefits  of  full  stratification 
in  the  storage  tank  overcame  this  and  the 
actual  performance  was  virtually  identical 
to  the  simulated  one. 

Bypass  storage:  A percentage  of  any 
energy  put  into  storage  will  be  lost.  No  one 
has  yet  invented  the  perfect  insulation. 
Therefore,  when  there  is  a demand  at  the 
load  end  of  the  system  and  there  is  useful 
solar  energy  available  from  the  collectors 
it  should  be  provided  directly.  That  is, 
tliere  should  be  some  means  for  bypassing 
solar  energy  around  or  through  storage 
and  delivering  it  directly  to  the  space. 

Exclude  auxiliary:  The  conventional 
auxiliary  energy  is  what  you  are  trying  to 
conserve.  It  is  almost  always  available  on 
demand.  There  is  seldom  any  reason  to  put 
auxiliary  energy  in  the  solar  storage  device 
where  some  of  it  will  be  needlessly  lost. 
Avoid  designs  which  allow  auxiliary  energy 
to  go  to  storage  unless  they  are  strongly 
justified  by  other  considerations  (load 
management,  off-peak  electricity,  for  in- 
stance). 

Size  carefully:  There  may  be  a tempta- 
tion to  use  a storage  device  that  is  avail- 
able— in  a retrofit,  for  instance.  Don’t  give 
in.  If  a storage  device  is  of  the  wrong  size,  it 
can  seriously  affect  performance.  Using  an 
available  storage  device  may  be  false 
economy.  Any  solar  design  textbook  will 
describe  how  to  select  the  proper  storage 
size. 

Accommodate  losses:  Designing  for  the 
peak  domestic  hot  water  demand  is  stan- 
dard practice.  This  is  important  for  fast 
recovery.  But  an  essential  in  solar  hot 
water  system  design  is  the  loss  from  the 
water  heater  tank  and  associated  piping. 
This  is  especially  true  if  there  is  a recircula- 
tion loop.  In  retrofit  applications  in  large 
residential  complexes,  the  losses  from  un- 
insulated recirculation  loops  often  exceed 
the  energy  delivered  to  users.  Design  the 
system  so  that  solar  energy  can  make  up  a 
portion  of  the  recirculation  losses  in  such 
cases.  As  a conservation  measure,  you 
might  consider  whether  a recirculation 
loop  is  really  necessary. 

Design  for  morning:  Designs  for  residen- 
tial hot  water  applications  should  expect 
the  peak  load  in  the  morning.  Some  design 
programs  are  based  on  peak  hot  water 
loads  in  the  afternoon,  but  a study  of  202 
living  units  in  the  NSDN  showed  that  cil- 
most  66  percent  of  the  daily  demand  oc- 
curred between  6:30  and  9:30  a.m. 

Should  you  combine?:  Consider  care- 
fully any  combination  of  a hot  water  sys- 
tem with  another  application  such  as 
space  heating.  Such  designs  can  be  suc- 
cessful, although  many  have  not  been.  The 
system  must  be  sized  for  the  heating  load. 
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Will  the  operating  energy  required  to  use 
the  system  over  the  summer  months  de- 
tract from  the  energy  savings?  Should  part 
or  all  of  the  system  be  shut  down  when 
heating  is  not  needed?  Will  losses  from  the 
system  add  appreciably  to  the  cooling 
load? 

Err  on  the  low  side:  Calculating  the  load 
is  very  difficult,  especially  for  a new  build- 
ing. Because  of  this  uncertainty,  it  is  gener- 
ally necessary  to  err  on  the  high  side  when 
selecting  a conventional  heating  system  so 
that  peak  heating  needs  will  be  met.  This  is 
not  true  for  solar  heating  applications.  Re- 
member to  keep  it  cheap.  To  select  a suc- 
cessful design  it  is  more  important  not  to 
oversize  the  solar  components,  particu- 
larly the  collector  array.  It  is  better  to  con- 
sider that  the  predicted  load  may  be  too 
high  when  sizing  the  solar  system. 

Off  in  summer;  If  the  system  has  a heat- 
ing application  only,  be  sure  it  can  be 
turned  off  during  the  cooling  season.  This 
will  save  operating  energy  and  avoid  add- 
ing to  the  cooling  load.  However,  make 
sure  the  collectors  are  protected  from  pos- 
sible stagnation  damage  while  the  system 
is  off. 

That  is  all  the  help  1 can  provide  here. 
You  can  find  out  more  about  the  lessons 
learned  from  two  reporXs.SolarDesign  and 
Installation  Experience:  An  Overview  of 
Results  from  the  National  Solar  Data  Net- 
work, SOLAR/0009-81/73  and  Guide  to  Ef- 
fective Solar  Heating  and  Cooling  Practice, 
SOLAR/0091-81/00  available  free  of  charge 
from  the  U.S.  Department  of  Energy,  Tech- 
nical Information  Center,  P.O.  Box  62,  Oak 
Ridge,  Tenn.  37830.  The  first  document  is 
the  more  technical.  O 


Bibliography 

The  following  books  cind  one  magazine  cirticle 
cire  some  of  the  better  solcir  design  texts.  Most 
are  very  techniccd,  being  written  for  engineers 
and  designers.  The  first  listed  under  each  of  the 
two  categories  is  a good  introduction. 

Active  Systems 

Solar  Heating  Design  by  the  f-Chart  Method,  W. 
Beckmem,  S.  Klein  and  J.  Duffie,  John  Wiley  and 
Sons  1977 

Solar  Engineering  of  Thermal  Processes,  J.  Duffie 
and  W.  Beckman,  John  Wiley  and  Sons  1980 
Principles  of  Solar  Engineering,  F.  Kreith  cind  J. 

Kreider,  Hemisphere  FTiblishing  1978 
Solar  Thermal  Engineering,  Space  Heating  and 
HotWater,  P.Lunde,  John  Wiley  and  Sons  1980 
“Predicting  the  Performcince  of  Solcir  Heating 
and  Cooling  Systems,”  A.  Newton  ASHRAE 
Journal,  November  1980 
Passive  Systems 

The  Passive  Solar  Energy  Book,  E.  Mazria,  Rodcile 
Press  1979 

Passive  Solar  Design  Handbook,  Volume  One  of 
Two  Volumes:  Passive  Solar  Design  Concepts, 
Totcil  Environmental  Action,  Inc.,  U.  S.  De- 
partment of  Energy  1980 
Passive  Solar  Design  Handbook,  Volume  Two  of 
Two  Volumes:  Passive  Solar  Design  Analysis,  J. 
Balcomb  et  al,  U.  S.  Department  of  Energy 
1980 


we'll  Put  YOU 
in  Hot  water 

HOW  to  install  solar 
Hot  water  from  the 
publishers  of  Solar  Age. 

For  builders,  contrac- 
tors, and  experienced 
do-it-yourselfers,  here  is 
an  invaluable  guide  to 
installing  domestic  solar 
hot  water  systems. 

The  book  contains 
advice  on  choosing,  sit- 
ing, and  mounting  a hot 
water  system.  Aiso  in- 
cluded are: 

• A concise  overview 
of  pumps,  vaives, 
gauges,  and  tanks 

• Tips  on  insuiation 
and  weather- 
proofing 

• A troubleshooter's 
chart 

• And  to  make  sure 
you've  got  it  right 
— a 65  question 
checklist 

This  96  page  book  is 
your  handy  guide  to 
making  sure  it's  done 
the  way  it  should  be. 


Please  send  me copies 

of  HOW  TO  INSTALL  SOLAR  HOT 
WATER  (paperback)  at  $11.95 
each  (plus  $1.00  for  shipping 
and  handling;  $4.00  for  for- 
eign orders).  Enclosed  is  my 
check  or  money  order  for 
$ . Or,  please  chargemy: 

□ VISA  □ MC  □ AmEx. 

# Expire 

date 

Name 

Address 

City 

State Zip 


Piease  aliow  4-6  weeks  for  delivery. 

Solarvision  Publications 
solar  Age  Magazine 
Church  Hill 

Harrisville,  nh  osaso  ® 


24 


How  lb  Size  Up 
Solar  Air  Systems 

An  active  air  system  that  works  well  is  properly  engineered  and  follows  established 
HVAC  practices.  This  involves  much  more  than  choosing  a high-performance  solar  collector. 


By  Vic  Reno 

Working  with  active  solar  air  sys- 
tems requires  a level  of  skill  and 
expertise  in  residential  heating 
once  found  only  among  commercial  con- 
tractors. The  air  system  contains  collec- 
tors, storage,  controls,  dampers,  ducts, 
fans,  and  accessories,  such  as  hot  water 
heat  exchangers,  filters,  vents,  and  moni- 
toring devices.  The  system  may  have  four 
or  more  modes  of  operation,  in  contrast  to 
conventional  residential  heating  systems 
with  a single  mode. 

Many  active  air  systems  work  very  well. 
Others  fail  miserably.  Some  are  plagued 
with  problems  that  time,  money,  and  ex- 
perience may  or  may  not  solve.  Most  of 
these  problems  and  failures  can  be  traced 
to  poorly  designed  or  improperly  sized 
components,  and  incorrect  installation 
(failure  to  follow  directions).  The  good  sys- 
tems work  because  they  are  properly  en- 
gineered, well  thought  out,  and  follow  es- 
tablished HVAC  practices  and  procedures. 

Fzuis 

To  operate  properly,  air-moving  systems 
depend  on  fan  engineering.  Centrifugal 
fans  can  have  blades  with  forward  or 
backward  curves,  or  straight  blades.  Axial 
fans  also  have  different  characteristics. 
Choosing  a fan  carefully  helps  to  ensure 
the  economical  and  dependable  operation 
of  the  solar  air  system. 


The  forward-curved,  belt-driven,  cen- 
trifugal fan  is  a popular  choice  in  residen- 
tial heating  systems.  Belt-drive,  compared 
with  direct-drive,  offers  an  easy  method  for 
adjusting  fan  speed  and  air  volume.  Air 
volume  can  also  be  adjusted  by  varying  the 
power  to  the  motor  or  using  a volume 
control  damper  in  the  duct  in  front  of  the 
fan.  A backward-inclined  centrifugal  fan  is 


A large  house  (3,500  square  feet)  in  southern 
Maine  gets  about  half  its  heat  and  60  percent  of  its 
hot  water  from  solar  energy.  It  uses  the  active, 
warm  air  CSI /Solar® System  from  Contemporary 
Systems,  Inc.  CSI/Solar  combines  features  of 
site-built  and  manufactured  systems,  resulting  in 
collectors  that  are  part  of  the  roof  structure. 


a common  choice  in  larger  systems  where 
pressures  are  higher.  The  backward- 
inclined  fan  costs  more  initially  but  runs 
more  efficiently. 

Fan  performance  is  usually  described  in 
terms  of  the  volume  of  air  moved  in  cubic 
feet  per  minute  (CFM),  the  pressure  (either 
static  or  totcil)  in  inches/water  gauge 
(w.g.),  the  fan  input  energy  in  brake  horse- 
power, and  the  efficiency  of  the  fan.  These 
parameters  establish  performance  curves 
for  specific  fans. 

Collectors,  ducts,  dampers,  and  storage 
have  a certain  resistance  to  the  flow  of  air 
and,  together,  contribute  to  the  pressure 
that  the  fan  will  see  at  a given  flowrate.  In 
all  but  very  high  pressure  systems,  the 
pressure  varies  as  the  square  of  the  air 
volume.  According  to  this  relationship,  the 
system  itself  will  have  a curve  relating  the 
pressure  to  the  air  flow. 

Choosing  the  right  fan  involves,  among 
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other  things,  matching  the  fan  curve  and 
the  system  curve  to  find  a suitable  operat- 
ing point,  as  in  Figure  1.  There  is  rcirely 
much  room  for  error.  A variation  between 
the  actual  and  the  calculated  operating 
point  can  mean  poor  fan  performance  and 
higher  operating  costs. 

Dampers 

Dampers  to  regulate  the  air  flow  in  ducts 
operate  in  different  ways.  One  damp)er  may 
fjerform  an  on-off  function.  It  opens  to 
allow  air  flow  and  closes  to  stop  air  flow. 
Another  damper  may  have  positions  be- 
tween open  and  closed  to  vary  the  air  flow. 
(These  dampers  are  generally  motor-con- 
trolled,  although  they  can  be  manually  op- 
erated.) Center-pivoted  dampers  are 
common  and  reliable  (Figure  2).  Some 
have  parallel  V2ines,  which  divert  the  air 
flow,  while  others  have  opposed  vanes, 
which  tend  to  maintain  straight-through 
flow.  Multivane,  center-pivoted  volume 
control  dampers  that  can  be  partially 
closed  mechanically  or  manually  are  very 
helpful  in  balancing  (controlling)  the 
amount  of  air  to  different  parts  of  the  sys- 
tem. 

Air  flow  tends  to  put  more  stress  on 
edge-pivoted  dampers  and  air  diverters. 
Therefore,  these  dampers  need  more  pow- 
erful motors.  They  do  not  close  as  well  as 
the  center-pivoted  dampers,  and  are  less 
reliable.  Edge-pivoted  dampers  have 
caused  many  problems  in  solar  air  sys- 
tems. 

Backdraft  dampers,  sometimes  called 
back-flow  preventers,  became  very  popu- 


lar with  the  advent  of  solar  heating  sys- 
tems. These  free-floating  dampers  allow 
air  to  flow  in  only  one  direction.  They 
swing  shut  to  prevent  air  from  flowing  in 
the  reverse  direction.  Backdraft  dampers, 
however,  may  be  the  cause  of  more  prob- 
lems than  any  other  type  of  damper.  Some 
plastic  films  used  in  these  dampers  do  not 
stand  up  to  air  temperatures  or  turbulence. 
Often,  the  dampers  fail  to  close  com- 
pletely. Metal-vane  backdraft  dampers 
may  be  better,  but  they  can  require  a fair 
amount  of  force  to  open.  Pressure  drop 
increases  across  them.  In  addition,  metal- 
vane  dampers  exposed  to  cold  temper- 
atures on  one  side  and  wcirm  air  on  the 
other  can  develop  enough  condensation  to 
freeze  shut  during  cold  weather. 

Frisket  paper,  polyethylene,  Tedlar,  Tef- 
lon, Dacron,  nylon,  Thermax,  and  Tyvek 
are  some  of  the  products  used  in  backdraft 
dampers.  Installers  report  both  success 
and  failure  using  these  materials.  A defini- 
tive solution  has  yet  to  emerge  from  the 
field.  Any  damper,  especially  a backdraft 
damper,  should  be  accessible  or  visible 
through  a panel  so  its  operation  can  be 
checked. 

Controls 

Solar  heating  systems  represent  a major 
departure  from  traditional  HVAC  systems 
because  they  rely  on  differential  control- 
lers (see  Solar  Age,  July  1980,  “Controls 
Demystified”).  The  controls  for  solar 
energy  systems  are  much  more  complex 
than  the  two-wire  thermostats  of  conven- 
tional residential  heating  systems.  Most  air 
systems  companies  manufacture  or  supply 
a controller  with  the  system.  The  controls 
are  generally  electronic.  Some  sophisti- 


Figure  2. 
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cated  controls  use  a microprocessor.  The 
outputs  are  often  electromechanical  relays 
for  power  and  reliability.  The  solar  control- 
lers, much  improved  over  ttie  years,  are 
now  more  dependable  and  easily  serviced. 
The  best  controls  are  flexible:  the  differen- 
tials and  set  points  are  adjustable.  Other 
useful  traits  of  controllers  are  manual- 
mode operation  for  testing  and  trouble- 
shooting, and  a readout  to  indicate  the 
status  of  the  system.  Problem  areas  to 
watch  for  are  sensor  failures  and  poor  in- 
structions, which  lead  to  control  installa- 
tion errors. 

Air  handlers 

Solar  heating  .systems  add  complexity  to 
residential  heating  by  introducing  several 
modes  of  operation  and  the  concept  of 
stored  thermal  energy.  Commercial  HVAC 
contractors  cire  familiar  with  sophisticated 
mechanical  systems  2ind  components  fab- 
ricated on  site  (called  a built-up  system). 
Residential  contractors  are  not.  In  an  effort 
to  simplify  the  arrangement  of  blowers, 
dampers,  and  controls,  manufacturers  de- 
velopred  air  handlers  specifically  for  resi- 
dential solar  air  systems.  These  “black 
boxes”  take  the  complexity  out  of  the  in- 
stallation by  providing  the  contractors 
with  an  off-the-shelf  unit  that  they  can  in- 
stall simply.  But  many  of  the  first  (and 
some  of  the  later)  air-handling  units  disre- 
garded established  practices,  creating 
serious  problems  for  otherwise  viable 
solar  energy  systems. 

Some  air  handlers  with  edge-pivoted 
dampers  bind,  stick,  or  drag.  Often,  they 
unseat,  opening  partially  during  operation 
because  of  static  pressures  on  either  side 
of  the  damper.  This  causes  leaks  and 
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short-circuits  the  air  flow.  Blower  and 
damper  motors  located  in  the  hot-air 
stream  can  overheat.  At  the  very  least,  this 
condition  can  reduce  Of>erating  life. 

Another  factor  has  been  often  over- 
looked. The  performance  of  the  air-handler 
unit  is  not  the  same  as  that  of  the  blower 
operating  alone.  The  air-handler  box  and 
dampers  add  to  the  pressure  drop  of  the 
system.  More  than  one  company,  however, 
has  listed  the  performance  of  the  blower  as 
if  it  were  the  performance  of  the  air- 
handler  unit.  When  installed,  these  units 
actually  gave  less  air  flow  than  expected. 

Several  manufacturers  have  developed 
very  respectable  air  handlers,  improved 
through  a combination  of  engineering  and 
experience.  Several  use  top-of-the-line 
components,  such  as  dampers  and  blower 
motors  that  have  actually  been  redesigned 


Capsule  Checklist- 

System 

□ I.S  it  clear  what  parts  and  components  are 
supplied  by  the  manufacturer? 

□ Is  the  system  guaranteed? 

□ Does  the  system  meet  state  and  local 
building  codes? 

□ Are  local  people  available  to  service  and 
maintain  the  system? 

Fans 

□ Has  the  fcin  been  engineered  specifically 
for  the  system? 

□ Is  the  fan  performance  adequate  for  the 
system?  Will  it  move  enough  air  at  the 
static  pressure  of  the  system? 

□ Can  the  fan  speed  cind  air  volume  be 
adjusted? 

□ Is  the  fan  located  so  that  it  can  be 
serviced? 

Dampers 

□ Are  the  dampers  accessible  to  determine 
if  they  are  operating  properly? 

□ Are  damper  motors  and  dampers 
matched  for  proper  operation? 

□ Are  dampers  center-pivoted  whenever 
possible  with  no  chance  of  sticking  or 
dragging? 

□ Are  dampers  well  made  and  sealed 
tightly? 

□ Are  damper  motors  accessible  for 
servicing? 

Auxiliary  Heating 

□ Do  you  understcind  how  the  solar  energy 
system  cind  the  backup  heating  system 
work  together? 

□ Does  one  thermostat  control  the  entire 
system,  solar  and  auxiliary? 

□ Is  it  clear  that  tlie  thermostat  should  be  set 
and  then  left  cdone? 

Air  Handlers 

□ Does  the  air  handler  have  a proven  track 
record? 

□ Are  the  motors  for  dampers  cind  blowers 
accessible  for  servicing  and  adjustment? 

□ Is  the  rated  performance  (CFM  vs.  static 
pressure)  for  the  air  handling  unit  rather 
than  for  only  the  blower  inside? 


to  cope  with  the  stringent  demands  of  a 
solar  air  heating  system.  General  Electric, 
for  example,  has  developed  motors  for  at 
least  two  solar  companies  that  can  with- 
stand continuous  operation  in  high-tem- 
perature environments  with  no  servicing 
for  10  years  or  more.  These  companies 
also  use  high-quality  dampers  modified  to 
reduce  the  air  leakage  even  more. 

Ducts 

With  its  round  or  rectangular  ducts,  turns, 
transitions,  and  connections,  the  air  trans- 
port system  is  a critical  part  of  the  heating 
system.  Leaky  or  poorly  designed  ducts 
make  even  the  most  efficient  solar  collec- 
tors ineffective.  Major  HVAC  manufactur- 
ers and  professional  organizations  provide 
methods  for  sizing  and  designing  duct  sys- 
tems. 


■Active  Air  Systems 

Controls 

□ Are  control  instructions  complete  and 
understandable? 

□ Is  a troubleshooting  guide  included? 

□ Can  the  controller  be  wired,  installed,  and 
serviced  by  a loccil  professional? 

□ Are  sensors  accessible  so  that  they  can  be 
replaced  if  necessary? 

□ Is  the  controller  adjustable  for  fine-tuning 
the  system’s  performance? 

Ducts 

□ Have  ducts  been  carefully  designed  and 
laid  out? 

□ Has  the  pressure  drop  for  the  duct  system 
been  calculated? 

□ Are  the  transitions  smooth,  without 
drastic  turns? 

□ Are  ducts  round  or  close  to  square 
whenever  possible? 

□ Are  duct  air  velocities  below  1 ,000  ft/min? 

□ Are  flexible  duct  runs  oversized  to 
compensate  for  their  higher  pressure 
drop? 

□ Are  the  ducts  sealed  and  taped? 

□ Are  the  ducts  insulated  where  they  carry 
warm  cdr? 

Installation  & Completion 

□ Are  all  materials  available  and  ready  for 
the  installation  crew? 

□ Are  the  contractors  and  subcontractors 
clear  about  their  roles  in  the  installation 
and  hookup — ^what  to  do  cind  how  to  do  it? 

□ Is  someone  scheduled  to  do  the  final 
start-up,  testing,  and  balancing? 

Rock  Storage 

□ Has  the  rock  storage  been  designed  and 
engineered  according  to  accepted 
practices? 

□ Have  the  rock  bin  and  the  entering  and 
exit  ducts  been  sealed  against  leakage? 

□ Is  the  bin  well-insulated? 

□ Is  the  pressure  drop  less  than  0.25"  w.g. 
across  the  bin? 

□ Is  the  face  velocity  of  air  less  than  30  ft/min 
through  the  bin? 


Any  departure  from  smooth,  round,  and 
straight  duct  runs  will  introduce  pressure 
losses  in  the  system.  When  right-angle 
turns  are  made,  turning  vanes  should  be 
used  (Figure  3).  Drastic  transitions  are  bad. 


Air  velocity  in  a duct  is  found  by  dividing 
the  air  volume  in  CFM  by  the  cross  sec- 
tional area  of  the  duct.  For  example,  if  the 
volume  were  600  CFM  in  an  8-inch  x 12- 
inch  duct,  the  velocity  would  be: 

600  ft'Vmin  ^ (8-in.  x 12-in.)  X 144  in^ft- 
= 900  ft/min 

but  if  the  volume  were  800  CFM,  then  the 
velocity  would  be: 

800  CFM  (8-in.  x 12-in.)  x 144  in^ft- 
= 1200  ft/min 

In  residential  air  systems,  duct  velocities 
should  be  kept  below  1000  ft/min.  Usually, 
they  are  in  the  range  of  600  to  1000  ft/min. 
Ducting  is  sized  so  that  it  has  a pressure 
drop  of  less  than  0.1"  w.g.  per  100  ft.  of  duct. 
Air  velocities  at  grilles  and  registers  should 
be  kept  below  400  ft/min  and  even  lower  if 
the  delivery  air  temperature  is  to  be  less 
than  100°F.  Sizing  tables  are  usually  calcu- 
lated for  smooth  galvanized  metal  duct.  If 
other  types  are  used,  the  pressure  drops 
are  usually  greater,  and  the  duct  sizes 
should  be  increased.  Fiberglass  duct  board 
has  a pressure  drop  1.35  times  greater  per 
unit  length  than  galvanized  duct  (the  “cor- 
rection factor"  is  1.35).  Flexible  insulated 
duct,  which  is  becoming  more  popular  for 
use  in  solar  energy  systems,  has  almost 
twice  the  pressure  drop  of  galvanized  duct 
when  it  is  fully  extended.  If  it  is  compressed 
by  only  10  percent,  which  is  conservative 
considering  how  it  is  often  installed,  the 
correction  factor  goes  up  to  3.65. 

Fiber  board  ducting  and  flexible  insu- 
lated ductingi  deal  with  two  critical  con- 
cerns in  solar  air  heating  systems.  One  is 
air  tightness  (leakage)  in  the  ducts.  The 
other  is  insulation  in  unheated  or  semi- 
heated  spaces.  1^1  seams  and  connections 
in  the  ducts  should  be  sealed  with  a long- 
lasting  sealant,  \such  as  silicone.  Then, 
joints  should  be\taped.  Gray  cloth-type 
duct  tape  is  not  acceptable.  It  dries  out, 
becomes  brittle  and  cracks,  and  usually 
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Figure  4. 


doesn’t  adhere  after  a short  time  under 
heat.  The  metal  duct  tajae  (SMACNA  ap- 
proved) is  best.  It  should  be  pressed  on 
with  a nylon  applicator  or  flat  straightedge. 
Rubbing  it  on  with  your  hand  won’t  insure 
a proper  bond. 

Ducts  carrying  hot  air  through  unheated 
spaces  should  be  insulated  with  2 inches  of 
duct  wrap.  In  partially  heated  spaces,  1 
inch  of  duct  wrap  is  sufficient. 

Auxiliary  heat 

With  few  exceptions  solar  heating  systems 
need  back-up  heat  sources  in  the  coldest 
winter  months.  Linking  the  solar  and  auxil- 
iary systems  can  be  done  in  parallel  or  in 
series  (Figured).  The  parallel  combination 
allows  each  system  to  operate  alone.  In  the 
simplest  configuration,  the  two  systems 
are  completely  separate  with  their  own 
controls.  This  is  the  method  often  used  in 
retrofit  applications  with  a gas  or  oil  fur- 
nace. When  systems  share  ducts,  air  must 
not  blow  back  through  one  unit  while  the 
other  is  operating.  This  is  usually  accom- 
plished with  backdraft  or  motorized 
dampers. 

In  a series  of  configuration,  the  auxiliary 
heater  is  in  line  with  the  solar  heating  sys- 
tem. An  electric  duct  heater,  for  example,  is 
insialled  in  the  main  distribution  duct. 
WTien  solar  heat  is  not  available,  the  elec- 
tric unit  heats  the  air  blown  past  it  by  the 
solar  air  mover.  The  sequence  of  solar  and 
auxiliary  is  often  controlled  with  a two- 
stage  thermostat.  Usually,  the  first-stage 
calls  for  solar  heat.  The  second-stage 
brings  on  the  auxiliary  heat.  The  first-stage 
operates  when  the  room  temperature 
drops  to  the  thermostat  setting.  If  the  room 
cools  off  another  couple  of  degrees,  the 
second-stage  comes  on.  Often,  when  any- 
one raises  the  thermostat,  both  solar  and 
auxiliary  systems  come  on.  In  this  config- 
uration, setting  the  thermostat  up  auto- 
matically brings  on  the  auxiliary  heater 
whether  solar  heat  is  available  or  not.  To 
make  the  most  of  the  solar  heat,  some 
controllers  delay  the  operation  of  the  aux- 
iliary unit  when  solar  heat  is  available  from 
the  collectors  or  storage.  Others  delay  the 
auxiliary  for  a fixed  period  of  time. 

A special  problem  arises  when  a heat 
pump  is  the  backup.  A heat  pump  is  basi- 
cally a two-stage  system.  The  first-stage  is 
the  heat  pump  operation,  and,  the  sec- 
ond-stage brings  on  an  electric  resistance 
backup.  Combined  with  a solar  energy  sys- 
tem, the  heat  pump  results  in  a three-stage 
system.  Careful  coordination  of  separate 
thermostats  for  each  system  is  one  way  of 
handling  the  controls.  New  to  the  market, 
three-stage  thermostats  can  also  do  the 
job.  Honeywell  makes  one. 

Rock  storage 

Rock  storage  is  unique  to  solar  air  heating 
systems.  The  major  solar  manufacturers 
have  detailed  rock  storage  designs  in  their 
manuals. 


The  key  point  is  that  the  rock  bin  is  a 
part  of  the  air  transport  system.  It  should 
be  airtight.  The  entrance  and  exit  ducts 
must  be  carefully  sealed  where  they  join 
the  bin.  The  rock  bin  should  be  well  insu- 
lated. A minimum  insulation  level  on  all 
sides  is  R-24.  R-30  is  recommended.  This 
can  be  reduced  if  heat  loss  to  an  adjacent 
living  area  is  desired. 

Air  flow  is  an  important  element  of  rock 
storage.  The  plenums  should  be  large 
enough  to  allow  the  air  to  spread  out 
across  the  entire  cross-sectional  area  of 
the  rocks.  The  pressure  drop  in  the  plenum 
should  be  less  than  the  pressure  drop  in 
the  rocks  by  a factor  of  10  or  more.  Except 
in  special  applications,  the  pressure  drop 
in  the  rock  bin  should  be  less  than  0.25" 
w.g.,  and  the  face  velocity  of  air  should  be 
less  than  30  feet  per  minute.  (For  more 
information,  see  “How  To  Size  Rockbeds” 
in  the  March  1982  issue  oi  Solar  Age.) 

Instcdlation 

Successful  companies  realize  that  solar  air 
systems  are  much  more  than  the  collec- 
tors. For  example,  Solaron  Corp.,  which 
markets  internationally,  offers  the  most 
comprehensive  manual  and  complete 
documentation  of  any  active  air  system 
manufacturer.  Contemporaiy  Systems, 
Inc.,  limits  sales  to  the  Northeast.  Its  em- 
ployees are  directly  involved  in  the  in- 
stallation process.  A CSI  field  technician 
accompanies  the  delivery  of  each  system, 
spending  at  least  one  day  on  site  supervis- 
ing the  installation.  In  any  case,  the  in- 
staller must  take  time  to  thoroughly  un- 
derstand the  system,  whether  by  reading  a 
manual  or  by  spending  time  with  the  man- 
ufacturer, or  both. 

Most  companies  try  to  standardize  and 
simplify  wherever  possible.  Even  so,  the 
average  contractor  has  had  tremendous 
difficulty  getting  the  installation  right  the 
first  time  through.  Ducts  weren’t  sealed  or 


connected  properly,  sensors  and  sensor 
wires  were  forgotten,  or  backdraft  dam- 
pers were  left  out  or  put  in  backwards.  The 
list  of  errors  is  long. 

Contractors  can  avoid  these  errors  and 
end  up  with  a well-installed  system  by 
adhering  to  basic  principles.  Balancing  and 
testing  of  air  flows  and  mechanical  system 
components  is  their  final  guarantee  that 
the  system  is  working  as  planned.  This  is, 
regrettably,  seldom  done  by  residential 
HVAC  contractors.  The  system  should  be 
run  through  all  of  its  modes  of  operation 
several  times  to  malce  sure  the  controls, 
dampers,  and  motors  are  operating  prop- 
erly. An  amperage  and  voltage  check  of  the 
motor  insures  that  the  blower  is  operating 
correctly.  Air  flow  measurements  and  stat- 
ic pressure  readings  around  the  system  (at 
the  inlet  and  outlet  of  the  collectors,  blow- 
ers, and  rock  storage,  as  well  as  in  the 
distribution  lines)  signal  that  air  flow  is 
adequate  and  pressure  drops  are  as  calcu- 
lated. These  measurements  are  crucial  in 
determining  any  flaws  or  problems  in  the 
system  before  it  is  turned  over  to  the 
homeowner. 


Vic  Reno  is  a principal  of  KIJi  Engineering 
in  Keene,  N.H. 


For  More  Information 

American  Society  of  Heating,  Refrigerating 
and  Air-Conditioning  Engineers,  Inc.,  1791 
Tullie  Circle  N.E.,  Atlanta,  Ga.  30329. 
Handbooks:  Fundamentals;  Equipment; 
Systems;  and.  Applications. 

Sheet  Meted  and  Air  Conditioning 
Contractors  Nationed  Association,  Inc.,  8224 
Old  Courthouse  Road,  Tysons  Comer, 
Vienna,  Va.  22180.  HVAC  Duct  System  Design 
Manual. 

Solciron  CorpHDration,  1885  W.  Dartmouth 
Ave.,  Englewood,  Colo.  80110.  Systems 
Engineering  Manual. 
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Domestic  Hot  Water  Installations: 

The  Great,  the  Good, 
and  the  Unacceptaole 


Skilled  inspectors  have  checked  every  detail  of  1 70  solar  domestic 
hot  water  installations  in  the  Northeast.  Their  conclusions? 
Most  systems  are  working  just  fine,  but  some  problems  crop  up 
alarmingly  often.  Heres  a guide  to  preventive  troubleshooting 

for  sellers  and  buyers. 


By  Jack  Meeker  and  Lew  Boyd 


The  most  thorough  analysis  of  installed  solar  domestic  hot 
water  systems  ever  attempted  began  in  November  1980. 
The  Northeast  Solar  Energy  Center  (NESEC),  one  of  the 
four  regional  solar  authorities  working  under  a contract  with  the 
U.S.  Department  of  Energy,  enlisted  the  National  Association  of 
Solar  Contractors,  Inc.  (NASC)  to  help  with  the  project.  The 
purpose  of  the  program  was  to  investigate  the  state  of  the  art  of 
installation  techniques  and  system  durability  in  the  field. 

All  together,  170  residential  solar  water  heating  systems  were 
evaluated  in  the  six  New  England  states.  New  York,  New  Jersey, 
and  Pennsylvania.  The  systems  chosen  were  installed  by  profes- 
sionals, had  been  in  service  for  between  one  and  two  years,  and 
proportionally  represented  the  sales  activity  of  various  manufac- 
turers in  each  state. 

Six  teams  of  inspectors  made  the  evaluations.  Each  team  con- 
sisted of  a technician  representing  the  Northeast  Solar  Energy 
Center  and  a NASC  contractor.  Technicians  had  a minimum  of 
three  years  of  solar  experience.  Each  contractor  had  installed  over 
100  solar  domestic  hot  water  systems  prior  to  joining  the  Site 
Evaluation  Program.  The  teams  received  evaluation  training  at 
NESEC  and  were  equipped  with  a full  array  of  diagnostic  instru- 
ments. They  first  conducted  pilot  field  inspections  to  test  a spe- 
cially prepared,  12-page  checklist  and  to  ensure  that  each  team 
conducted  its  surveys  uniformly.  The  final  surveys  took  place 
between  November  1980  and  February  1981,  with  the  crews 
spending  an  average  of  two  and  one-half  hours  at  each  site. 

ITie  findings  and  recommendations  of  the  Site  Evaluation  Pro- 


Jack  Meeker  is  an  energy  systems  and  HVAC  consultant 
based  in  Wilmington,  MA,  and  formerly  Active  Solar  Pro- 
gram Manager  at  the  Northeast  Solar  Energy  Center.  Lew 
F.  Boyd  is  vice-president  for  marketing  for  Terra-Light,  Inc., 
and  former  president  of  Boyd  Associates,  Bedford,  MA. 


gram  (SEP)  are  summarized  here  for  the  first  time.  Many 
thousands  of  items  checked  at  the  170  installations  were  tabulated 
by  computer.  Data  from  the  field  inspections  will  be  contained  in 
the  complete  report.  The  report  will  include  an  executive  summary 
outlining  major  findings,  sections  on  methodology,  marketing  and 
economics,  and  a listing  of  manufacturers  participating  by  state. 

Of  the  170  systems  inspected,  50  percent  were  rated  as  excellent 
or  good  in  overall  workmanship.  Over  88  percent  were  satisfactory 
in  terms  of  system  operation.  Some  31  systems  were  judged  to  be 
"Red  Stars" — i.e.,  outstanding.  The  table  below  describes  the 
types  of  systems  evaluated: 


Closed  loop  (antifreeze)  156 

Drainback  1 1 

Draindown  2 

Phase  change  1 


The  overall  findings  do  substantiate  that  solar  domestic  hot 
water  heating  is  technically  proven  and  can  effect  significant  sav- 
ings even  in  the  climatically  rigorous  Northeast,  if  systems  are 
properly  installed. 

Nevertheless,  the  study  uncovered  many  recurrent  problems  in 
the  field.  Solar  professionals  and  prospective  consumers  of  solar 
domestic  hot  water  systems  can  learn  much  by  studying  the  report 
and  recommendations  of  the  site  evaluation  team.  The  report 
should  prove  especially  worthwhile  for  contractors  entering  the 
solar  field. 

Categories  marked  with  an  asterisk  (*)  below  indicate  areas 
where  errors  can  severely  impair  overall  performance  of  the  sys- 
tem or  create  potential  hazards.  Unmarked  categories  deserve 
close  attention,  too,  but  these  problems  were  not  considered  to  be 
as  serious. 

The  installation  problems  identified  in  this  study  led  the  site 
evaluation  team  to  recommend  that  installer  certification  be  con- 
sidered for  the  solar  industry. 
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Orientation  and  Tilt  Angles  of  Collectors  * 

Although  the  overall  focus  of  the  program  was  not  system  perfor- 
mance, inspectors  did  reach  an  informal  consensus  on  orientation 
and  tilt  angles:  azimuths  far  off  true 
south  (over  45°)  and  tilt  angles  under  30° 
or  over  55°  appear  to  impair  solar  con- 
tributions. Systems  with  azimuths  of 
60°,  for  example,  do  not  receive 
adequate  direct  radiation,  especially 
during  the  vi/Inter.  Systems  with  tilt 
angles  less  than  30°  so  favor  summer 
performance  in  the  Northeast  that  snow 
will  not  shed  in  winter. 

Recommendations:  The  industry  has 
been  willing  to  install  solar  energy  sys- 
tems within  wide  tilt  and  azimuth  pa- 
rameters. This  issue  deserves  careful 
and  authoritative  study.  Performance 
compromises  should  be  analyzed  on  a 
month-by-month  basis,  given  devia- 
tions in  azimuth  from  true  south,  in  tilt  from  an  angle  equal  to  the 
local  latitude,  and  in  storage-to-collector  ratios.  Actual  Btu  output 
of  comparable  equipment  and  equal  demand  should  be  monitored. 
The  validity  of  computer  simulations  now  in  wide  use  should  be 
verified  against  these  very  basic  site  parameters. 


The  watch  points  true 
south  at  solar  noon.  The 
performance  of  DHW  sys- 
tems with  collectors 
oriented  at  less  than  opti- 
mal azimuths  like  this  one 
ought  to  be  measured  au- 
thoritatively. 


■Mounting  angle 
'Roofing  cement 
bolt 

^Galvan'zed  & neoprene  washers 
Mounting  block 
^^hingles 


Lag-bolt  mounting 


adjacent  rafters  they  can  move  into  the  rafter  bay. 
Recommendations:  Manufacturers  should  accept  the  responsibility 
of  providing  fully  engineered  mounting  and  rack  details  suited  to 
the  collectors  they  produce.  Similarly,  installers  must  recognize 
that  there  are  only  three  techniques  considered  acceptable  for 
collector  and/or  rack  ^ mounting:  spanner,  direct  lagging  into  raft- 
ers, and  blocking.  Spanner  and  lagging  techniques  are  fully  de- 
scribed in  the  HUD  solar  guidelines.  If  site  considerations  pre- 
clude the  use  of  these  techniques,  which  are  preferable,  then 
blocking  is  an  alternative.  A block  is  cut  to  fit  exactly  into  each 
rafter  bay  where  an  attachment  will  be  made.  The  block  of  a 2 x 
6-inch  lumber  is  soundly  toed  into  the  rafters  with  nails.  The  lag 
screws  or  thread  rod  are  then  brought  through  the  sheathing,  and 
finally  through  the  blocking  as  secondary  support. 


Shading 

Shading,  mostly  by  trees,  during  collector  hours  was  reported  in  35 
percent  of  the  cases  studied,  but  it  was  not  considered  severe  in 
most  instances.  Still,  contrac- 
tors and  homeowners  do  not 
have  a clear  enough  under- 
standing of  the  penalties  of 
shading  or  of  how  to  predict  its 
occurrence.  In  a few  cases 
where  the  collectors  them- 
selves caused  shading,  a saw- 
tooth configuration  had  been 
used  without  sufficient  space 
between  the  panels. 

Recommendations:  The  HUD 
Installation  Guidelines  for 
Solar  DHW  Systems  should  be 
foOowed  in  all  but  exceptional 
cases;  i.e.,  no  more  than  five  percen'  the  collectors  should  be 
obstructed  between  9:00  A.M.  and  3:0)  ' M.  on  an  annual  basis. 
Manufacturers  should  provide  siting  i .Is  and  instructions  for 
their  installers. 


Roof  Support  * 

Homeowners  and  solar  installers  sometimes  have  a hard  time 
judging  whether  or  not  a roof  is  strong  enough  to  support  collec- 
tors. The  inspection  teams 
were  given  tables  of  wind  and 
snow  loading  parameters  as 
they  relate  to  rafter  size  and 
spacing,  which  are  part  of  the 
Massachusetts  State  Building 
Code.  The  sites  were  measured 
against  these  tables.  In  19  cases 
the  roof  support  was  judged  to 
be  inadequate.  It  is  interesting 
to  note  that  only  in  Mas- 
sachusetts were  certain  sites 
found  to  have  reinforced  roof 
structures  under  the  solar 
energy  system. 

Recommendations:  All  states  should  follow  the  example  set  by  the 
Commonwealth  of  Massachusetts,  which  furnishes  tables  reflect- 
ing its  particular  roof  loading  parameters. 


Sawtooth  configurations  can  lead  to 
shaded  collectors  when  the  panels 
are  not  spaced  properly.  The  collec- 
tor in  the  rear  is  partly  shaded  during 
the  ec '/  /■■'  hours  of  each  collection 
peric 


The  roof  here  is  shored  up  with  addi- 
tional rafters  to  support  the  collector 
load.  The  installation  also  shows  an 
excellent  spanner  mount.  Unistrut 
stretches  from  rafter  to  rafter  and  is 
soundly  toed  in.  The  threaded  rods 
are  attached  with  two  nuts. 


Collector  Mounting  * 

In  roof-mounted  collector  systems,  32  percent  had  one  or  more  of 
the  following  problems:  “flier”  (insufficiently  attached);  wood 
deterioration;  evidence  of  leaks;  dissimilar  metals  in  contact;  in- 
sufficient spanners/blocking;  lag  bolts  into  sheathing  only;  materi- 
als with  inadequate  strength;  spanner  not  affixed  to  rafters;  or 
other  difficulties. 

Many  racks  seen  in  the  project  appeared  to  be  one  of  a kind. 
Some  were  under-designed,  others  over-designed.  As  of  the  end  of 
1979,  few  manufacturers  offered  pre-engineered  rack  designs  and 
materials. 

The  most  pressing  concern  of  the  inspection  teams  was  the 
actual  attachment  of  the  collectors  to  the  roof.  Lagging  into  sheath- 
ing only  is  absolutely  unacceptable.  If  blocking  beneath  sheathing 
is  not  attached  to  neighboring  rafters,  the  blocks’  resistance  to 
uplift  forces  is  reduced  drastically.  If  spanners  are  not  attached  to 


Use  of  Wood * 

Wood  takes  extreme  punishment  when  it  is  exposed  to  the  sun, 
water,  and  other  weather  conditions.  Wood  has  shown  signs  of 
thermal  degradation  when  used 
in  collector  frames  or  housings. 

Untreated  wood  should  not  be 
used  in  collector  mounting, 
whether  in  sleepers  and  stand- 
offs or  full-scale  collector 
stands. 

Recommendations:  Racks  fab- 
ricated from  similar  metals  are 
preferred  to  wood  for  reasons 
of  longevity.  If  wood  must  be 
used,  aU  wood  components 
should  be  pressure-treated  and 
fully  accessible  for  service. 


Untreated  wood  should  never  be 
used  in  rack-mounted  roof  systems 
like  this.  The  rack  is  also  straddling 
the  roof  ridge,  secured  only  by  the 
feed  and  return  piping  to  the  collec- 
tors. 
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Condensation  and  Outgassing 

Condensation  in  collectors  can  reduce  the  thermal  quality  of  the 
insulation  over  time.  This  condition  also  causes  much  concern 
among  homeowners.  Outgas- 
sing can  severely  reduce  the 
transmissivity  of  cover  glazing. 

Of  the  reporting  cases,  about  20 
percent  had  evidence  of  con- 
densation in  one  or  more  col- 
lectors. One  in  eight  of  the  sys- 
tems studied  showed  collector 
outgassing. 

Recommendations:  Condensa- 
tion and  outgassing  tended  to 
occur  in  certain  brands  of  col- 
lectors. A correlation  appears 
to  exist  between  condensation  and  the  use  of  urethane  collector 
insulation,  'fhis  problem  points  to  manufacturers  rather  th^m  in- 
stallers. Makers  should  give  these  problems  more  attention,  and 
installers  should  carefully  check  the  record  of  the  manufacturers. 


Outgassing  and  condensation  are 
related  to  certain  brands  of  collec- 
tors. The  manufacturers  should  cor- 
rect such  defects. 


Corrosion 


Most  corrosion  noted  in  the  SEP  involved  screws,  nuts,  bolts,  and 
other  fasteners  used  to  hold  panels  together.  Plating  of  the 
hardware  was  often  deteriorat- 
ing. There  was  no  meaningful 
correlation  with  time — manu- 
facturers had  not  made  signif- 
icant progress  in  this  area  by 
late  1979  when  compared  with 
early  1978. 

Recommendations:  Collector 

manufacturers  should  give 
considerable  attention  to  the 
fasteners  they  use  outdoors. 

Compatible,  weather-resistant 
materials  must  be  used.  Par- 
ticular attention  should  also  be 

given  by  the  installer  to  the  use  of  compatible  materials  in  the 
mounting  of  collectors. 


Corrosion  shown  here  on  the  collec- 
tor housing  is  a manufacturer’ s 
flaw.  Corrosion  appearing  on  the 
mounting  standoff  is  the  contrac- 
tor’s fault.  When  corrosion  on  the 
standoff  worsens,  the  collector  can 
become  a ‘ ‘flier.  ’ ’ 


Sensors 


The  teams  paid  close  attention  to  sensor  placement,  attachment, 
wire  splicing,  etc.  Most  collector  sensors  that  could  be  seen  were 
installed  properly.  Those  that  appeared 
safest,  however,  were  attached  to  the 
absorber  plate  by  manufacturers  using 
a screw  or  a rivet.  These  sensors  were 
completely  protected  from  ambient  air 
conditions  and  moisture. 

In  a few  cases  solar  tank  sensors 
were  mounted  improperly.  Adequate 
tank/sensor  thermal  contact  is  neces- 
sary. Sensors  should  not  be  afiixed  to 
the  cold  water  inlet  instead  of  the  tank, 
nor  to  the  solar  loop  itself. 

Recommendations:  Because  the  con- 
troller subsystem  is  critical  to  system 
operation,  correct  placement  and  in- 
stallation of  sensors  is  the  key.  More 
manufacturers  should  consider  factory 
installation  of  collector  sensors.  When- 


In  this  installation  sensor 
wire  to  the  thermistor  is  ex- 
posed to  ambient  moisture, 
which  will  find  its  way  into 


the  splice  and  fool  the  con- 
ever  sensors  are  factory  mounted,  The  safest  sensors 

built-in  trap  doors  should  be  supplied  to  those  attached  to  the 
provide  easy  access  for  servicing.  This  absorber  plate  by  the  man- 
technique  will  also  allow  spliced  wire  ufacturer. 


connections  to  be  protected  from  ambient  weather  conditions. 

It  is  also  recommended  that  manufacturers  or  packagers  provide 
specific  installation  instructions  as  to  where  and  how  to  mount 
tank  sensors.  Tank  manufacturers  should  provide  mounting  clips 
in  the  appropriate  spot.  These  clips  should  be  easily  accessible  for 
installation  and  service  in  the  field. 


Piping  and  Penetration 

Poor  piping  configurations  and  inadequate  materials  can  impair 
system  performance.  Improper  techniques  used  in  penetrating  the 
building  envelope  with  piping  can  result  in  damage  to  the  structure. 
A variety  of  problems  appeared  in  this  area. 

Some  29  systems  were  piped  as  “C-flow,”  where  both  supply 
and  return  piping  is  at  one  end  of  the  collector  array.  In  systems 
with  more  than  two  collectors,  this  arrangement  frequently  results 
in  thermal  imbalance  across  the  array. 

In  almost  one  fifth  of  the  systems  visited,  the  collectors  were 
undrainable.  A similar  number  of  systems  were  reported  to  have 
loop  piping  that  did  not  meet 
accepted  pipe  hanging  stan- 
dards. 

Eight  systems  studied  used 
CPVC  for  the  solar  loop.  Of 
these,  seven  were  observed  to 
have  unacceptable  distortion 
and  waving  in  the  loop. 

Einally,  and  perhaps  most 
importantly,  20  percent  of  the 
sites  studied  included  solar 
loop  penetrations  into  the  budd- 
ing envelope  that  were  judged 
unsatisfactory  because  they 
permitted  water  to  leak  to  the 
inside. 

Recommendations:  Eor  stan- 


The  snug-fitting,  shoe-type 
penetration  is  recommended for 
clean  and  water-tight  piping  on 
roof-mounted  domestic  hot 
water  systems. 


create  thermal  imbalance  across  the 
array.  The  Z-fiow  (bottom)  config- 
uration, or  reverse-return,  is  better 
for  all  solar  energy  systems. 

dardization  and  simplicity,  all  solar  energy  systems,  regardless  of 
the  number  of  collectors,  should  be  installed  using  “Z-flow,” 
(reverse-return)  configuration.  Whenever  possible,  collectors 
should  be  piped  so  that  they  can  self-drain.  \^en  this  is  impossi- 
ble, a manual  drain  should  be  installed  at  the  collector  low  point. 

The  SEP  team  recommends  close  adherence  to  the  HUD  In- 
stallation Guidelines  for  Solar  DHW  Systems,  which  provides 
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strict  standards  for  hanging  techniques  and  intervals  for  copper 
tubing  and  threaded  pipe.  In  this  study,  rigid  plastic  pipe  (CPVC) 
did  not  appear  appropriate  for  solar  DHW  applications.  The  dis- 
torted piping  observed  was  apparently  losing  rigidity  under  high 
loop  fluid  temperatures.  If,  after  further  investigation.  CPVC  is 
found  to  be  able  to  withstand  typical  solar  loop  temperatures  over 
time,  new  standards  for  hanging  techniques  and  intervals  need  to 
be  established. 

Watertight  penetrations  for  piping  are  critical  to  the  quality  and 
durability  of  an  installation.  The  SEP  team  recommends  the  use  of 
the  no-caulk  roof  shoe  used  often  and  successfully  by  the  building 
industry.  If  proper  1 -inch-wall  insulation  is  used  over  the  piping,  a 
2-inch  roof  shoe  fits  snugly  over  the  insulation,  giving  an  easy, 
clean  penetration.  Small  holes  in  the  roof  can  be  treated  with 
silicone  sealant,  which  can  be  placed  around  the  roof  shoes  for 
extra  protection. 


Pipe  Insulation 

One  of  the  most  recurrent  problems  encountered  was  the  insuffi- 
cient quality  of  loop  insulation.  The  problems  fall  into  three  areas: 
R-value,  sealing,  and  ultraviolet  degradation.  The  site  evaluation 
team  found  that  the  industry  falls  far  short  of  the  HUD  Installation 
Guidelines,  which  call  for  minimum  insulation  of  R-4  on  all  solar 
loop  piping,  R-6  on  pipe  of  1 -inch  diameter  or  greater.  Elastomer  is 
used  widely  but  the  thickest  wall  size  reported  was  %-inch,  which 
affords  an  R-value  of  less  than  half  the  HUD  recommendations. 
Insulation  must  be  properly  closed  and  sealed.  The  elastomer 
insulation  in  many  systems  had  been  slit  and  placed  over  the  piping 
after  the  piping  had  been  in- 
stalled. Shrinkage  of  the  insula- 
tion then  often  exposed  large 
gaps.  Sealing  is  critical  on  out- 
side loop  piping,  where  tem- 
perature differentials  are  great. 

Small  slits  and  cracks  worsen 
over  time  with  intermittent  ex- 
posure to  sun,  rain,  snow,  and 
ice.  Sealing  all  seams  with 
silicone  or  mastic  seems  to  out- 
last all  other  techniques. 

The  investigation  of  102  sys- 
tems using  elastomer  insulation 
outside  pointed  conclusively  to  the  fact  that  this  material  is  not 
suitable  for  the  application.  In  virtually  every  case,  some  ul- 
traviolet degradation  was  noted.  Some  contractors  seal  outside 
insulation  with  ordinary  paints.  These  coatings  generally  do  not 
hold  up  well;  deterioration  was  dramatic.  Metal  claddings, 
ultraviolet-inhibited  PVC  jackets,  and  “do-all”  jackets,  on  the 
other  hand,  all  appear  to  be  lasting  well. 

Recommendations:  The  team  strongly  recommends  that  the  indus- 
try as  a whole  concentrate  on  insulation  of  solar  transport  systems. 
In  terms  of  R-value,  the.  HUD  Installation  Guidelines  minimum  of 
R-4  must  be  followed.  One-inch  thicknesses  of  urethane, 
fiberglass,  and  phenolic  foam  are  among  the  few  pipe  insulations 
readily  available  that  conform  to  this  requirement.  Other  materi- 
als, such  as  elastomer,  must  be  avoided.  Much  more  attention 
should  be  given  to  sealing  insulations  to  maintain  thermal  quality 
and  weather  protection  outside.  Manufacturers  and  installers 
should  also  understand  the  effect  of  ultraviolet  light  on  outside 
insulation  and  select  materials  on  this  basis. 


Heat  Transfer  Fluids ^ 

Propylene  and  ethylene  glycol  antifreeze  solutions  occasionally 
become  acidic,  although  ethylene  glycol  solutions  appear  to  be  the 
more  stable  of  the  two.  No  correlation  was  found  with  factors  like 
length  of  operation  or  system  size  to  explain  why  particular  sys- 
tems turned  acidic.  But  in  39  percent  of  the  systems  using  a 


controller  that  features  a high  limit  shut-off,  propylene  glycol  was 
reported  at  pH  6.5  or  less.  Allowing  fluid  to  boil  in  stagnating 
collectors  appears  to  contribute  to  pH  degradation. 

In  all  four  systems  that  used  glycerin,  the  pH  balance  was  acidic . 
There  was  no  evidence  of  abnormal  stagnation  exposure  in  these 
systems  or  any  special  factors  that  might  have  contributed  to  the 
problem. 

Six  of  the  seven  silicone-oU-charged  systems  showed  signs  of 
some  leakage,  especially  at  threaded  connections  and  around  the 
air  purger  assembly.  Yet,  the 
seepage  was  not  severe.  The 
lowest  loop  pressure  reported 
for  these  seven  systems  was  15 
psi,  which  was  satisfactory 
given  the  short  distance  from 
the  tank  to  the  top  of  the  collec- 
tors. 

The  freeze  strength  of  ethy- 
lene and  propylene  glycol- 
charged  loops  was  measured  in 
128  systems.  Freeze  strengths 
of  less  than  -2rF  were  considered  too  weak  in  the  rigorous 
climate  of  the  Northeast.  Some  34  percent  of  the  systems  were 
inadequate.  Most  of  the  antifreeze  solutions  were  presumably 
supplied  pre-mixed  by  manufacturers  to  achieve  a freeze  level  of  at 
least  -40°F.  The  team  inspectors  theorize  that  installers,  in- 
structed by  the  manufacturer  to  flush  the  loop  with  water  after 
piping  it,  are  not  purging  aU  of  the  water  from  the  loop  before 
charging  it  with  antifreeze.  Simply  opening  boiler  drains  at  the 
solar  tank  would  be  insufficient  in  many  cases  where  undrainable 
low  spots  in  the  loop  were  noted.  In  four  systems  the  weakness  of 
antifreeze  was  easOy  explained.  The  contractor  had  left  a 
washing-machine-type  hose  connected  between  the  incoming  cold 
water  supply  and  the  fiU/drain  assembly  on  the  solar  loop. 
Homeowners  were  told  to  open  the  valves  and  let  some  street 
water  into  the  loop  whenever  the  solar  loop  pressure  dropped 
below  10  pounds. 

Despite  warning  signals,  it  is  noteworthy  that  none  of  the  anti- 
freeze systems  visited  had  frozen  up. 

Finally,  over  half  of  the  systems  inspected  had  no  labeling  to 
indicate  what  heat  transfer  fluid  was  used. 

Recommendations:  The  problem  of  glycols  becoming  acidic  de- 
serves further  study.  However,  controOers  with  upper  limit  shut- 
offs should  not  be  used  with  glycol  systems.  The  team  recom- 
mends that  pH  balance  of  all  glycol  systems  be  checked,  along 
with  the  freeze  strength,  once  a year.  Wfienever  the  solution  drops 
below  a pH  of  6.5,  it  should  be  changed.  Manufacturers  who  wish 
to  use  glycerin  should  perform  careful  time,  temperature,  and  pH 
studies.  Otherwise,  they  should  instruct  instaUers  to  be  prepared 
to  change  the  fluid  often.  Manufacturers  and  packagers  who  sup- 
ply silicone  oils  with  their  systems  should  pay  more  attention  to 
helping  contractors  install  leak-proof  loops. 

Installers  should  be  careful  to  drain  the  flushing  water  from 
loops.  AU  low  spots  in  closed-loop  systems  must  have  drains. 
Upon  ruling  and  purging  a system  with  a glycol  solution,  freeze 
strength  must  be  checked  with  proper  equipment  and  noted  on  the 
fiU  label  attached  to  the  system.  Unlabeled  systems  are  unaccept- 
able from  a safety  and  service  point  of  view.  The  team  recom- 
mends fuU  and  immediate  adherence  to  the  HUD  Intermediate 
Property  Standards.  Contractors  should  fill  in  tags  provided  by 
manufacturers  with  their  equipment  describing  installation  date, 
fluid  type,  quantity,  pH,  and  freeze  point. 


Valves  and  Vents * 

The  team  studied  156  closed-loop  systems.  Of  128  systems  report- 
ing, 30  percent  did  not  have  pressure  relief  valves  on  the  solar  loop 
to  aUow  antifreeze  to  escape  if  maximum  allowable  pressure  were 
exceeded.  Of  these  systems,  53  percent  were  produced  by  one 
system  manufacturer.  The  team  was  surprised  to  fmd  any  systems 


Elastomer  insulation  has  undergone 
dramatic  ultraviolet  degradation  in 
this  system.  Materials  should  be 
selected  for  solar  transport  systems 
based  on  their  ability  to  withstand 
exposure  to  weather  and  ultraviolet 
radiation. 


Over  50  percent  of  the  domestic  hot 
water  systems  inspected  in  the  prof 
ect  had  no  labels  to  indicate  what 
heat  transfer  fluid  was  used.  Labels 
are  vital  for  service  and  safety. 
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This  air  vent  at  the  collector  high 
point  is  incorrectly  positioned.  Air 
vents  should  be  perpendicular  to  the 
ground,  not  perpendicular  to  the  col- 
lector. 


without  pressure  relief  valves. 

This  lack  represents  a safety 
haz.ard  in  clear  violation  of  aU 
national  plumbing  codes.  Slight- 
ly over  10  percent  of  163  cases 
reporting  had  no  temperature/ 
pressure  relief  valve  on  the 
storage  tank.  Failure  to  install 
such  relief  valves  constitutes 
the  most  severe  safety  hazard 
in  the  solar  plumbing  trade. 

Almost  one  half  of  the  systems 
investigated  did  not  have  tem- 
pering valves,  permitting  the 
possibility  of  severe  scalding. 

Finally,  over  one  fifth  of  the 

closed  loop  systems  did  not  have  proper  air  vents  at  the  collector 
high  point. 

Recommendations:  The  team  recommends  that  manufacturers  and 
packagers  provide  pressure  relief  valves  and  that  installers  always 
include  them  with  closed-loop  systems.  In  recent  installations, 
relief  valves,  when  installed,  were  usually  placed  inside  the  home, 
often  as  part  of  the  air  purger  assembly,  where  they  can  be  vented 
to  a safe  location.  This  is  good  practice  because  antifreeze  some- 
times stains  and  damages  roofing  materials. 

Temperature/pressure  relief  valves  must  be  installed  on  all  pres- 
surized vessels.  The  manufacturer  or  packager  has  the  responsibil- 
ity to  include  these  valves  with  systems. 

Storage  Tanks 

The  site  evaluation  team  was  surprised  to  find  that  5 1 percent  of 
the  storage  tanks  examined  were  placed  in  what  was  considered  an 
unheated  area.  In  concert  with  inadequate  insulation,  this  under- 
scores a lack  of  understanding  of  standby  losses  by  the  solar 
industry.  In  certain  isolated  cases,  rather  remarkable  placements 
were  observed.  A tank,  for  example,  was  buried  in  an  uninsulated 
hole  in  a crawl  space,  making  servicing  all  but  impossible. 

Of  159  reported  cases,  70  percent  had  no  on-site  insulation 
added  to  the  solar  storage  tank.  HUD  standards  mandate  a 
minimum  of  R-1 1 on  storage  tanks.  The  team  inspectors  felt  that 
none  of  the  tanks  without  additional  in- 
sulation complied  with  this  standard. 

Packagers  and  manufacturers  do  not 
encourage  installers  to  add  insulation 
when  they  paint  the  tanks  special  colors 
and  place  decals  on  them  with  informa- 
tion about  the  system. 

Although  some  tanks  were  insulated 
on-site,  most — though  not  all — of  the 
work  was  sloppy.  Some  wraps  looked 
leaky  and  unprofessional. 

Nearly  four  out  of  five  systems  used 
the  solar  tank  as  a preheater  to  a second 
tank  or  to  a tankless  coil.  A number 
would  have  benefited  from  a bypass 
interface.  Most  homeowners  indicated 
that  they  try  to  keep  the  backup  turned 
off  during  the  summer.  The  most  effi- 
cient way  to  do  this  with  a double- tank 

system  or  a tankless  coil  is  to  bypass  the  second  energy  source 
altogether  during  times  of  favorable  solar  collection. 
Recommendations:  Manufacturers  must  be  much  more  specific  in 
their  installation  manuals  about  straightforward  considerations 
such  as  tank  placement.  If  tanks  must  be  placed  in  unheated  areas, 
insulation  of  R-20  minimum  is  strongly  recommended.  Tanks  must 
be  installed  so  that  they  can  be  serviced.  Solar  tank  losses  are 
known  to  be  severe,  often  4 million  Btu  a year,  plus  or  minus,  in  an 
unheated  location.  SpeciaUy  cut  tank  wraps  and  kits  should  be  a 
common  component  of  the  solar  hot  water  package. 


The  solar  tank  in  this  do- 
mestic hot  water  system  is 
properly  insulated,  and  the 
wrapping  is  neat.  The  in- 
staller, however,  failed  to 
insulate  the  auxiliary  tank. 


The  pitch  of  this  roof  is  23°.  Snow  fell  five  days  before  this  picture  was 
taken  and  still  had  not  shed from  the  shallow-mounted  collectors. 


Horizontal  placement  of  this  stone  lined  storage  tank  is  a mistake.  The 
stone  lining  could  fall,  and  the  electrical  heating  element  will  not  pro- 
duce proper  temperature  stratification  within  the  tank.  Standby 
losses  will  be  substantial  because  the  tank  is  placed  in  an  unheated 
area  and  has  too  little  insulation. 

Finally,  the  team  recommends  that  installers  become  familiar 
with  bypass  techniques  and  use  them  more  often.  Homeowners 
seem  ready  and  willing  to  deal  with  the  valves  and  switches.  The 
savings  can  be  substantial. 

Monitoring  and  Manuals 

Systems  that  have  no  thermometers  on  the  domestic  water  outlet 
of  the  storage  tank  afford  the  homeowner  no  opportunity  to  know 
whether  the  system  is  producing  a meaningful  amount  of  heat. 
More  thermometers  were  installed  by  contractors  on  the  loop  than 
on  the  hot  water  outlet  at  the  tank. 

In  nearly  one-third  of  the  cases  studied,  a system  manual  was 
not  left  with  the  homeowner.  Several  homeowners  admitted  to  a 
total  lack  of  knowledge  about  their  systems. 

Recommendations:  For  homeowner  monitoring  and  for  system 
diagnosis  and  service  by  the  installer,  three  thermometers  should 
be  standard  in  all  solar  water  heaters:  one  on  the  domestic  water 
outlet  as  an  overall  measure  of  system  operation,  and  two  on  the 
solar  loop — one  on  the  supply  and  the  other  on  the  return.  Man- 
ufacturers should  include  the  three  thermometers  as  standard 
components.  The  team  strongly  urges  manufacturers  and 
packagers  to  supply  manuals  explaining  the  operation  of  their 
equipment.  Installers  should  provide  manuals  to  the  consumer 
describing  the  proper  use  of  the  system.  O 
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natural  Resources  and  Conservation 


SDHW  GLOSSARY 


Absorber  - the  surface  in  a collector  that  absorbs  solar  radiation 
and  converts  it  to  heat  energy;  generally,  matte  black  surfaces 
are  good  absorbers  and  emitters  of  thermal  radiation,  while  white 
and  metallic  surfaces  are  not  (see  Selective  Surface). 

Absorptance  - the  ratio  of  energy  absorbed  by  a surface  to  the  energy 
striking  it. 

Active  System  - a solar  heating  or  cooling  system  that  requires 
external  mechanical  power  to  move  the  collected  heat. 

Air-type  Collector  - a collector  that  uses  air  as  the  heat  transfer 
fluid . 


NOTE:  The  majority  of  this  glossary  is  reprinted  from  "Installation 
Guidelines  for  Solar  DHW  Systems  on  One-  and  Two-Family  Dwellings"  by 
the  U.S.  Department  of  Housing  and  Urban  Development. 


Altitude  “ the  angular  distance  from  the  horizon  to  tne  sun. 

Ambient  Temperature  - the  temperature  of  surrounding  outside  air. 

Angle  of  Incidence  - the  angle  at  which  solar  radiation  strikes  a 
surface . 

Anode  - an  electrically  positive  metal,  such  as  a magnesium  rod 

placed  in  steel  water  storage  tanks  to  prevent  tank  corrosion. 

Aperture  - the  opening  through  which  solar  radiation  enters  a solar 
collector,  also  called  Net  Area  (see  Gross  Area). 

ARI  - Air-Conditioning  Refrigeration  Institute. 

ASHRAE  - abbreviation  for  the  American  Society  of  Heating, 
Refrigerating  and  Air-Conditioning  Engineers. 

Autoignition  Temperature  - temperature  at  which  a material  begins  to 
burn  in  the  presence  of  oxygen. 

Auxiliary  Heat  - the  extra  heat  provided  by  a conventional  heating 
system  for  period  of  cloudiness  or  intense  cold  when  a solar 
heating  system  cannot  provide  all  needed  heat. 


Azimuth  - the  angular  distance  between  true  south  and  the  point  on 
the  horizon  directly  below  the  sun. 

Batch  Heater  - a non-circulated  passive  solar  water  heater  in  which 
solar  radiation  is  absorbed  in  a tank  of  water,  also  called 
integral  passive  heater  (IPH). 

British  Thermal  Unit  (Btu)  - the  quantity  of  heat  needed  to  raise  the 
temperature  of  one  pound  of  water  one  degree  Fahrenheit. 

Calorie  - the  quantity  of  heat  needed  to  raise  the  temperature  of  one 
gram  of  water  one  degree  Celsius. 

Centrifugal  Pump  - a pump  type  in  which  rotating  blades  (the 

impeller)  whirl  the  fluid  outward  to  the  discharge  of  the  housing 
(the  volute). 

Closed  Loop  - any  loop  in  the  system  which  is  not  exposed  to  the 
atmosphere . 

Coefficient  of  Heat  Transmission  - the  rate  of  heat  loss  in  Btus  per 
hour  through  a square  foot  of  wall  or  other  building  surface  when 
the  difference  between  indoor  and  outdoor  air  temperatures  is  one 
degree  Fahrenheit  (also  called  U-value). 


Coefficient  of  Performaace  (COP)  - a ratio  of  the  useful  energy 

delivered  by  a device  or  system  to  the  input  energy  necessary  to 
operate  the  device  or  system  (see  Parasitic  Energy). 

Collector  - a device  that  collects  solar  radiation  and  converts  it 
into  heat. 

Collector  Efficiency  - the  ratio  of  usable  heat  energy  extracted  from 
a collector  to  the  solar  energy  striking  the  cover. 

Collector  Tilt  - the  angle  between  the  horizontal  plane  and  the  solar 
collector  plane. 

Concentrating  Collector  - a device  that  concentrates  the  sun's  rays 
on  an  absorber  surface  which  is  significantly  smaller  than  the 
overall  collector  area. 

Conductance  - the  rate  of  heat  flow  (in  Btus  per  hour)  through  an 
object  when  a 1°F  temperature  difference  is  maintained  between 
the  sides  of  the  object. 

Conduction  - the  flow  of  heat  due  to  temperature  variations  within  a 


material . 


Conductivity  (k-value)  - a measure  of  the  ability  of  a mterial  to 
permit  conduction  heat  flow  through  it. 

Convection  - the  motion  of  fluid  such  as  gas  or  liquid  by  which  heat 
may  be  transported  (see  Gravity  Convection). 

Counter-Flow  - a flow  pattern  in  a heat  exchanger  in  which  the  two 
heat  transfer  fluids  flow  in  opposite  directions  past  the 
transfer  surface. 

Cover  Plate  - a sheet  of  glass  or  transparent  plastic  placed  above 
the  absorber  in  a flat-plate  collector  (see  Absorber,  Collector 
and  Glazing). 

Degree-day  - a unit  that  represents  a 1°F  deviation  from  some  fixed 
reference  point  (usually  65°F)  in  the  mean  daily  outdoor 
temperature. 

Demand  Load  - domestic  water  heating  needs  to  be  supplied  by  solar  or 
conventional  energy. 


DHW  - Domestic  Hot  Water. 


Dielectric  Union  - a union  used  to  join  dissimilar  metals  (such  as 

copper  and  steel)  which  electrically  isolates  the  metals  and  thus 
prevents  galvanic  corrosion. 

Diffuse  Radiation  - indirect  sunlight  that  is  scattered  from  air 
molecules,  dust,  and  water  vapor. 

Direct  Radiation  - solar  radiation  that  comes  straight  from  the  sun, 
casting  shadows  on  a clear  day. 

Domestic  Water  Pressure  - the  pressure  of  the  potable  water  within 
the  building  from  sources  not  related  to  the  solar  domestic  hot 
water  system. 

Double-glazed  - covered  by  two  panes  of  glass  or  otner  transparent 
material . 

Double  Wall  Separation  - heat  exchangers  using  nonpotable  heat 

transfer  fluids  are  separated  from  the  potable  water  system  by 
use  of  two  walls  between  the  fluids. 

Drain  Back  System  - a system  in  which  freeze  protection  is  achieved 
by  draining  solar  collectors  and  piping  to  a tank. 


Drain  Down  System  - a system  in  which  freeze  protection  is  achieved 
by  draining  solar  collectors  and  piping  to  a sewer  drain. 

Dual-Tank  System  - a system  that  uses  two  tanks  connected  in  series; 
the  first  tank  is  for  solar  preheating  and  the  second  tank  is  for 
auxiliary  or  back-up  water  heating  (see  Single-Tank  System). 

Emittance  - a measure  of  the  propensity  of  a material  to  radiate 
energy  to  its  surroundings. 

Erosion  — the  wearing  away  of  material  caused  by  high  fluid  velocity 
past  a surface. 

Evacuated  Tube  Collector  — a collector  type  that  uses  specially 
coated  concentric  glass  tubes  with  a vacuum  space  between  the 
tubes  to  reduce  heat  losses. 

External  Heat  Exchanger  - an  exchanger  which  is  outside  the  storage 
tank  through  which  the  two  heat  transfer  fluids  are  pumped. 

F-Chart  - a design  method  for  solar  heating  systems  used  to  estimate 
the  long-term  energy  delivery  by  the  system. 

Fire  Point  - the  temperature  at  which  sustained  burning  of  a material 
will  occur  if  supplied  with  oxygen. 


Flat-plate  Collector  - a solar  collection  device  in  which  sunlight  is 
converted  into  heat  on  a plane  surface  without  the  aid  of 
reflecting  surfaces  to  concentrate  the  rays  (see  CollectorO. 

Flash  Point  - the  temperature  at  which  a material  will  give  off 
vapors  sufficient  to  form  a flammable  mixture  with  air. 

Forced  Convection  - the  transfer  of  heat  by  the  flow  of  fluids  (such 
as  air  or  water)  driven  by  fans,  blowers,  or  pumps. 

Galvanic  Corrosion  - the  condition  caused  as  a result  of  a conducting 
liquid  making  contact  with  two  different  metals  that  are  not 
properly  isolated  physically  and/or  electrically. 

Getters  - (sacrificial  anodes)  - a solumn  or  cartridge  containing  an 
active  metal  which  will  be  sacrificed  to  protect  some  other  metal 
in  the  system  against  galvanic  corrosion. 

Glazing  - transparent  material  used  to  cover  solar  collectors. 

Gravity  Convection  - the  natural  movement  of  heat  that  occurs  when  a 
warm  fluid  rises  and  a cool  fluid  sinks  under  the  influence  of 
gravity  (see  Convection). 


Gross  Area  - the  overall  area  of  a solar  collector  (see  Aperture). 


Head  - a vertical  distance  commonly  measured  in  feet  of  water. 

Header  - the  pipe  that  runs  across  the  edge  of  an  array  of  solar 

collectors,  gathering  (or  distributing)  the  heat  transfer  fluid 
from  (or  to)  the  risers  in  the  individual  collectors.  This 
insures  that  equal  flow  rates  and  pressure  are  maintained  (see 
Risers) . 

Heat  Capacity  - a property  of  a material  denoting  its  ability  to 
absorb  heat. 

Heat  Exchanger  - a device,  such  as  a coiled  copper  tube  immersed  in  a 
tank  of  water,  that  is  used  to  transfer  heat  from  one  fluid  to 
another  through  a separate  wall. 

Heat  Removal  Factor  (Fj^)  - the  ratio  of  the  actual  useful  energy 

gain  of  a solar  collector  to  the  gain  if  the  whole  collector  were 
at  the  fluid  inlet  temperature. 

Heat  Storage  - a device  or  madium  that  absorbs  collected  solar  heat 
and  stores  it  for  use  during  periods  of  inclement  or  cold 
weather. 

Heat  Storage  Capacity  - the  amount  of  heat  that  can  be  stored  by  a 


material. 


Heating  Season  - the  period  from  early  fall  to  late  spring  (in  the 
Northern  Hemisphere)  during  which  additional  heat  is  needed  to 
keep  a house  comfortable  for  its  ocupants. 

Hybrid  Solar  Energy  System  - a system  that  uses  both  active  and 

passive  methods  in  its  operation  (see  Active  System  and  Passive 
System) . 

Hydronic  System  - a system  that  uses  a liquid  or  combination  of 
liquids  as  transfer  fluids. 

Incident  Angle  Modifier  - a correction  factor  for  solar  collector 
performance  used  to  account  for  incident  angles  other  than 
perpendicular  (normal). 

Infrared  Radiation  - electromagnetic  radiation  from  the  sun  that  has 
wavelengths  slightly  longer  than  visible  light. 

Inhibitors  - compounds  added  to  heat  transfer  fluids  to  inhibit 
corrosion  and  chemical  changes. 

Insolation  - the  total  amount  of  solar  radiation  - direct,  diffused, 
and  reflected  - striking  a surface  exposed  to  the  sky. 


Insulation  - a material  with  high  resistance  (R-value)  to  heat  flow. 


Isogonic  Chart  - a chart  that  shows  magnetic  compass  deviations  from 
true  north. 

Internal  Heat  Exchanger  - an  exchanger  which  is  immersed  in  the 
storage  tank  through  which  a heat  transfer  fluid  is  pumped. 

k-value  - (see  Conductivity)  Btu/hr/f t2/OF  per  inch. 

Kilowatt  - a measure  of  power  equal  to  one  thousand  watts, 

approximately  1 1/3  horsepower,  ussually  applied  to  electricity. 

Kilowatt-hour  (kWh)  - the  amount  of  energy  equivalent  to  1 kilowatt 
of  power  being  sued  for  one  hourj  3,413  Btu. 

Langley  - a measure  of  solar  radiation;  equal  to  one  calorie  per 
square  centimeter. 

Liquid-type  Collector  - a collector  using  a liquid  as  the  heat 
transfer  fluid  (see  Collector). 

Log  Mean  Temperature  Difference  - a logarithmic  average  of  the  inlet 
and  exit  temperatures  of  a heat  exchanger  used  to  calculate  the 
performance  of  the  exchanger. 


Natural  Convection  - see  Gravity  Convection. 


Net  Positive  Suction  Head  (NPSH)  - the  pressure  required  on  the 

suction  (inlet)  side  of  a centrifugal  pump  at  the  center  of  the 
impeller  to  prevent  the  fluid  in  the  pump  from  vaproizing  at  any 
given  temperature. 

Open  System  - a system  in  which  some  part  is  vented  to  the 

atmosphere,  or  the  system  contains  fresh  or  changeable  water. 

Passive  System  - an  assembly  of  natural  and  architectural  components 
that  converts  solar  energy  into  usable  or  storable  termal  energy 
(heat)  without  mechanical  power. 

Parasitic  Energy  - operational  energy  input  for  pumps,  fans, 
controls,  etc.,  necessary  to  operate  a solar  system. 

Payback  - the  period  of  time  necessary  for  accumulated  energy  savings 
to  balance  the  initial  cost  of  an  energy  savign  system. 

Percent  Possible  Sunshine  - the  percentage  of  daytime  hours  during 
which  there  is  enough  direct  solar  radiation  to  cast  a snadow 
(see  Direct  Radiation). 

Photovoltaics  - the  direct  conversion  of  solar  radiation  into 


electricity. 


Pour  Point  - the  temperature  at  which  a liquid  "sets  up"  or  gels  so 
that  it  cannot  flow, 

Pump  Curve  - a graph  of  the  head  versus  flow  rate  for  a particular 
centrifugal  pump. 

Pyranometer  - an  instrument  for  measuring  solar  radiation  (see  Solar 
Radiation) . 

Radiation  - the  flow  of  energy  across  open  space  via  electromagnetic 
waves  such  as  visible  light. 

Reflected  Radiation  - sunlight  that  is  reflected  from  surrounding 
trees,  terrain,  or  buildings. 

Refrigerant  - a liquid  such  as  Freon  that  is  used  in  cooling  devices 
to  absorb  heat  from  surrounding  air  or  liquids. 

Relief  Valve  - a safety  valve  used  to  prevent  the  build-up  of 
temperature  and/or  pressure  in  a closed  system. 

Reradiation  - radiation  resulting  from  the  emission  of  previously 
absorbed  radiation. 

Resistance  (R-value)  - the  tendency  of  a material  to  retard  the  flow 


of  heat. 


Retrofitting  - the  addition  of  a solar  heating  or  cooling  system  to 
an  existing  building. 

Return  on  Investment  - a ratio  of  the  annual  energy  savings  to  ttie 
initial  cost  of  an  energy  saving  system,  expressed  in  percent. 

Risers  - the  flow  channels  or  pipes  that  distribute  the  heat  transfer 
fluid  from  the  headers  across  the  face  of  an  absorber  plate  (see 
Header) . 

Roof  Jack  - a type  of  roof  flashing  device  used  to  seal  pipe 
penetrations  against  leakage. 

R“value  - see  Resistance.  i 

Btu/hr/f t^/F® 


SDHW  - Solar  Domestic  Hot  Water. 

Seasonal  Efficiency  - the  ratio,  over  an  entire  heating  season,  of 
solar  energy  collected  and  used  to  the  solar  energy  striking  the 
collector. 

Selective  Surface  - a surface  that  absorbs  radiation  of  one 

wavelength  (for  example,  sunlight)  but  emits  little  radiation  of 
another  wavelength  (for  exmaple,  infrared);  used  as  coating  for 


absorber  plates. 


Shading  Coefficient  - the  ratio  of  the  solar  heat  gain  through  a 
specific  glazing  system  to  the  total  solar  heat  gain  through  a 
single  layer  of  clear  double-strength  glass. 

Solar  Constant  - the  average  intensity  of  solar  radiation  reaching 
the  earth  outside  the  atmosphere;  amounting  to  two  langleys  or 
1.94  gram-calories  per  square  centimeter,  equal  to  442.4 
Btu/hr/ft^,  or  1395  watts/m^. 

Solar  Fraction  - the  fraction  of  a given  heating  load  which  is 
supplied  by  solar  energy. 

Solar  Radiation  (Solar  Energy)  - electromagnetic  radiation  emitted  by 
the  sun. 

Solar  Rights  (Sun  Rights  or  Solar  Access)  - a legal  issue  concerning 
the  right  of  access  to  sunlight. 

SRCC  - Solar  Rating  and  Certification  Corporation. 

Specific  Heat  - the  quantity  of  heat,  in  Btu,  needed  to  raise  the 
temperature  of  one  pound  of  a material  1°F. 

Stagnation  - the  condition  and  temperature  which  occurs  when  there  is 
no  fluid  flow  through  the  solar  collectors. 


standby  Heat  Loss  - heat  lost  through  storage  tank  and  piping  walls 
(rate  of  heat  loss  differs  between  standing  still  and  moving). 

Stratification  - the  layering  of  hot  water  at  the  top  of  a storage 
tank  caused  by  density  differences. 

Sun  Path  Diagram  (Solar  Window)  - a circular  projection  of  the  sky 
vault,  similar  to  a map,  that  can  be  used  to  determine  solar 
positions  and  to  calculate  shading. 

Tempering  Valve  - a hot  and  cold  water  mixing  valve  used  to  reduce 
hot  water  temperatures. 

Thermal  Radiation  - electromagnetic  radiation  emitted  by  a warm  body 
(see  Infrared  Radiation). 

Thermistor  - sensing  device  which  changes  its  electrical  resistance 
according  to  temperature,  used  in  the  control  system  to  generate 
input  data  on  collector  and  storage  tank  temperatures. 

Thermo siphoning  - the  process  that  makes  water  circulate 

automatically  between  a warm  collector  and  a cooler  storage  tank 
above  it  (see  Gravity  Convection). 


Thermoveil  - a sealed  hollow  tube  in  which  a temperature  sensor  is 
mounted  so  that  the  sensor  can  be  isolated  from  a liquid. 

Tilt  Angle  - the  angle  that  a flat  collector  surface  forms  with  the 
horizontal  plane  (see  Collector  Tilt). 

Transfer  Fluid  - a fluid  used  to  transfer  heat  from  solar  collectors 
to  storage. 

Transfer  Pump  - a pump  used  to  fill  and  pressurize  a closed  solar 
collector  loop  with  antifreeze. 

Trickle-type  Collector  - a collector  in  which  the  heat  transfer  fluid 
flows  in  open  channels  on  the  absorber. 

Tube-in-plate  Absorber  - a metal  absorber  plate  in  which  the  heat 

transfer  fluid  flows  through  passages  formed  in  the  plate  itself. 

Tube-type  Collector  - a collector  in  which  the  heat  transfer  liquid 
flows  through  metal  tubes  that  are  fastened  to  the  absorber  plate 
by  solder,  clamps,  or  other  means  (see  Collector). 

Ultraviolet  Radiation  - electromagnetic  radiation  with  wavelengths 
slightly  shorter  than  visible  light. 


Unglazed  Collector  - a collector  without  a cover  plate. 


Vacuum  Breaker  - a device  used  to  admit  air  into  a system  whenever 
the  system  pressure  is  lower  than  atmospheric  pressure. 


Viscosity  - a measure  of  the  "thickness"  of  a fluid  and  its 
resistance  to  flow  at  any 


given  temperature. 
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copy,  for  a total  cost  of  $120.00,  which  includes  $120.00  for  printing  and  $.00  for  distribution. 
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NOTICE 


This  report  was  prepared  as  an  accoiint  of  vjork  sponsored  by  the  Energy 
Division  of  the  Montana  Department  of  Natural  Resources  and  Conservation 
through  the  Alternative  Renev;able  Energy  Sources  Program.  Neither  the  State 
of  Montana  nor  the  Department,  nor  any  of  their  employees,  nor  any  of  their 
contractors,  subcontractors,  or  their  employees,  makes  any  warranty,  expressed 
or  implied,  or  assumes  any  legal  liability  or  responsibility  for  the  accuracy, 
completeness  or  usefulness  of  any  information,  apparatus,  product  or  process 
disclosed,  or  represents  that  its  use  vjould  not  infringe  privately  ovmed 
rights. 


COVER 


Reproduced  on  the  cover  are  strip  chart  records  of  solar  radiation. 

The  upper  curve  illustrates  a clear  day  record  and  the  lower  curve  vias 
taken  on  a partially  cloudy  day.  The  center  chart  records  the  total  eclipse 
on  February  26,  1979* 

The  solar  radiation  data  base  contained  in  this  1982  edition  is  a 
summary  of  41,600  daily  strip  charts  recorded  at  30  Montana  stations 
between  January,  1977  and  December,  1982. 
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for  providing  climatological  data  in  this  Manual  from  his  extensive 
files,  Mark  McKinstry  developed  and  verified  the  simplified  f-chart 
design  procedure.  Ray  Bahm  has  recommended  methods  to  identify  typical 
meteorological  years  from  the  data  base.  Roland  Hulstrom  and  Paul 
Berdahl  have  contributed  to  the  program.  S.  Klein  has  reviewed  the 
Manual  and  made  important  suggestions. 
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STATIONS  VJITH  CONTINUOUS  HECONDEHS 


Location 

School 

Volunteer 

Year 

Anaconda 

Anaconda  H.S . 

Mike  Knutson 

Tom  Facey 

1979-^2 

1978-79 

Billings 

Billings  Sr.  H.S. 

Mike  Jablin 

1977-82 

Bozeman 

Bozeman  Sr.  H.S. 

Roscoe  Montgomery 

1977-82 

Browning 

Browning  H.S . 

Mr.  Marion  Salway 

Jim  Prestbo 

1981-82 

1977-81 

Butte 

Butte  H.S. 

John  Giop 

1978-82 

Choteau 

Choteau  H.S. 

Norman  Kamrud 

1978-^2 

Colstrip 

Colstrip  H.S. 

Kelly  Taylor 

Lave  Bowser 

1979-82 

1977-79 

Dillon 

Beaverhead  Co.  H.S. 

William  Mular 

1977-^2 

Ennis 

Madison  Val.  Cons.  H.S. 

Jay  W illett 

Orville  Hess 

1979-82 

1978-79 

Fort  Benton 

Fort  Benton  H.S. 

A.  Wm.  Kindzerski 

T.  Daniel  Gillen 

1979-82 

1978-79 

Glasgow 

Glasgow  H.S. 

Norman  Girard 

1977^2 

Glendive 

Dav/son  Co . H.S  . 

Richard  Lindgren 

1978-82 

Great  Falls 

C.  M.  Russell  H.S. 

W.  Gary  Shelden 

1977-82 

Hamilton 

Hamilton  H.S. 

Vfilliam  Delaney 

1977-82 

Harlowton 

Harlowton  II. S. 

Scott  Dubbs 

Milo  Coladonato 

1980-82 

1978-80 

Havre 

Havre  II. S. 

Marvin  Gunnai'son 

Avon  Whitehead 

1979-82 

1977-79 

Helena 

Helena  H.S . 

Jim  Haslip 

1977-82 

J ordan 

Garfield  Co.  H.S. 

Michael  G.  Mansfield 

1979-82 

Kalispell 

Flathead  H.S. 

Gary  Freebury 

1977-82 

Lewistown 

Fergus  H.S. 

HovJard  Cooper 

1977-82 

Libby 

L ibby  H.S. 

Mike  Funk 

1977-82 

Livingston 

Park  Sr.  H.S . 

B en  W illiams 

1978-k32 

Miles  City 

Custer  Co.  H.S. 

Otto  Neuhardt 

John  Potts 

1977-812 

1977-82 

Missoula 

Hellgate  H.S. 

Norman  Jacobson 

1977-82 

Plentyi'/ood 

Plentywood  H.S. 

Harold  Gackle 

1978-82 

Poison 

Poison  H.S. 

Dan  0 'Brien 

Ted  Macy 

1979-82 

1977-79 

Red  Lodge 

Red  Lodge  H.S. 

Bob  Ilolmen 

1978-82 

S idney 

Sidney  Sr.  H.S. 

Dan  Scow 

Gene  Krueger 

1980-82 

1978-80 

Thompson  Palls 

Thompson  Falls 

Stuart  Kilgore 

V/ alter  Clark 

1980-81 

1978-79 

West  Yellowstone 

West  Yellowstone  H.S. 

Scott  Carsloy 

Rolf  Kucstncr 

1978-81 

1981-82 

IV 


STATIONS  WITH  MANUAL  RECORDERS 


Location 

School 

Baker 

Baker  H.S. 

Big  TimBer 

Sweetgrass  Co.  H.S 

Billings 

Billings  West  H.S, 

Boulder 

Jefferson  H.S. 

Broadus 

Powder  River  Co.  I 

Chester 

Chester  H.S. 

Chinook 

Chinook  H.S. 

Circle 

Circle  H.S. 

Columbus 

Columbus  H.S. 

Conrad 

Conrad  H.S. 

Culbertson 

Culbertson  H.S. 

Deer  Lodge 

Powell  Co.  H.S. 

Ekalaka 

Carter  Co.  H.S. 

Eureka 

Lincoln  Co.  H.S. 

Forsyth 

Forsyth  H.S. 

Great  Palls 

East  Jr.  H.S. 

Hardin 

Hardin  H.S. 

Harlem 

Harlem  H.S. 

Hobson 

Hobson  H.S. 

Malta 

Malta  H.S. 

Missoula 

Sentinel  H.S. 

Roundup 

Roundup  H.S. 

S cobey 

S cobey  H.S. 

Superior 

Superior  H.S. 

Townsend 

Broadwater  Co.  H.S 

Vfhitefish 

Whitefish  H.S. 

VJhite  Sulphur 
Springs 

VJh.  Sulph.  Spgs.  H 

Winnett 

VJinnett  H.S. 

Wolf  Point 

Wolf  Point  H.S. 

Volunteer 

Year 

Max  Mueller 

1978-82 

Dick  Willems 

1977-78 

Gerald  Raab 

1978-82 

Mike  My r how 

1978-82 

Henry  Eslinger 

1977-81 

Marvin  Krook 

1977-80 

Gail  Swant 

1977-78 

Robert  Fitzgerald 

1977-79 

Waymoth  Fitzgerald,  Jr. 

1977-78 

James  Guthrie 

1978-80 

Larry  Hyslop 

1978-79 

Gary  Swant 

1977-80 

Pat  Vaskey 

Jane  Piye 

1979-82 

1977-79 

Neil  W . Nelson 

C.  W.  Calvert 

1979-80 

1979 

Eli  Urbaniak 

1978-79 

John  Chase 

1979 

Bonnie  Pluhar 

Roland  Croghan 

1978 

1977-78 

G,  Daniel  McNeill 

1978-79 

Rick  McIntyre 

1977-82 

Steve  Schumacher 

Jeffrey  Bredeson 

1978-82 

1977-78 

Lyle  Leischner 

Ronald  Perrin 

1979-82 

1978-79 

Jim  Schladweiler 

1977-81 

Dee  Black 

1978-79 

Clark  Conrow 

1977-79 

h'illiam  Alley 

1977-82 

Bruce  Tannohill 

1978-^1 

Ken  Marks 

Connie  Perkins 

1978-82 

1977-78 

Prank  Witter 

1977-78 

Arthur  Sikkink 

1977-82 
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1 REVIEV'J  OF  DATA  BASES  FOR  SOLAR  DESIGN 

1.1  Introduction 

The  design  of  a solar  conversion  system  involves  consideration  of 
a niimher  of  factors  including;  solar  radiation  available  at  the  site, 
average  air  temperatures  at  the  site,  availability  of  conventional 
energy,  amount  and  quality  of  heat  required,  economics,  taxes,  etc. 

An  air  temperature  data  base  covering  at  least  40  years  is  available 
for  most  locations  in  Montana.  Long-term  average  solar  radiation  data 
are,  unfortxmately , not  generally  available.  This  need  is  addressed 
by  the  Montana  Solar  Data  Manual. 

The  final  sections  of  this  Manual  contain  tables  of  Solar  Radiation 
measured  during  the  past  six  years  in  Montana.  Next  are  tables  showing 
the  measured  cloudy  day  statistics  for  the  past  six  years.  Tables  of 
climatological  data  from  National  Weather  Service  records  are  repro- 
duced in  this  Manual. 

Guidelines  for  using  the  solar  data  to  size  solar  heating  systems 
are  included  in  Appendices.  Design  topics  include  heat  storage  sizing, 
using  f— chart  and  economic  evaluation.  Details  on  the  accuracy  of  the 
solar  measurements  are  discussed  in  an  Appendix, 

1.2  SIMM  Solar  Data  Program 

Eaxly  in  1977  the  SIMM  program  (Solar  Insolation  Measurement,  Montana) 
was  initiated  by  Fowlkes  Engineering  xinder  a grant  from  the  Renewable 
Alternative  Energy  Sources  Program  of  the  Montana  Department  of  Natural 
Resources  and  Conservation.  Twenty  instruments  to  measure  solar  radia- 
tion were  sited  across  Montana  during  1977  and  an  additional  ten  instru- 
ments were  sited  early  in  1978.  The  map  on  the  preceding  page,  Figure  1, 
identifies  the  locations  of  the  stations.  The  front  cover  of  the  Montana 
Solar  Data  Manual  reproduces  three  examples  of  daily  solar  radiation  re- 
cords; over  50,000  days  of  data  have  been  collected  at  this  point.  The 
overall  goal  of  this  program  is  to  develop  a solar  radiation  data  base 
for  use  by  solar  designers.  The  results  of  six  years  of  measurements 
are  presented  in  this  Manual.  The  accuracy  of  these  measurements  is 
thoroughly  discussed  in  Appendix  1 . 
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The  solar  radiation  values  presented  in  this  Manual  \<eve  all  measured 

on  a surface  tilted  60°  up  from  the  horizontal  and  facing  due  south.  This 

angle  was  chosen  because  it  is  representative  of  "typical"  solar  collector 
orientation  used  in  Montana  for  collecting  heat  in  the  winter.  This  data 
can,  consequently,  be  applied  directly  to  many  collector  applications 
which  improves  the  effective  accuracy  of  this  data  base.  The  Manual  con- 
tains procedures  to  convert  this  data  to  other  tilt  angles.  Most  of  the 
locations  covered  in  this  Manual  have  no  other  source  of  measured  solar 
radiation. 

The  main  limitation  to  the  use  of  the  solar  data  in  this  Manual  is 
the  relatively  short  time  period  (five  to  six  years)  represented.  There 
is  no  simple  way  at  this  time  to  assess  how  "typical"  these  values  are. 

The  designer  can  examine  the  annual  data  given  in  the  Manual  for  var- 
iability. For  the  time  being,  the  designer  must  allow  for  a reasonable 
tolerance  band  in  his  design  due  to  the  absence  of  better  alternatives. 

1»3  SOLMET  Solar  Data 

The  National  Climatic  Center,  Asheville,  North  Carolina,  has  archived 
historical  solar  radiation  data  for  two  locations  in  Montana:  Great  Falls 
and  Glasgow.  These  data  have  been  recently  rehabilitated  to  an  accur- 
acy level  of  - 59b  and  is  part  of  the  SOLMET  data  base.  These  data  are 
available  in  tables  as  well  as  computer  readable  tapes.  Also  available 
in  the  SOLMET  data  base  are  derived  solar  radiations  for  Billings,  Cut 
Bank,  Dillon,  Helena,  Lewistown,  Miles  City  and  Missoula.  The  ersatz 
data  for  these  locations  are  estimated  from  cloud  cover  observations 
and  their  accuracy  is  about  - 13^. 

All  SOLMET  data  are  for  radiation  on  a horizontal  surface.  Solar 
collector  surfaces  in  Montana  will  normally  be  tilted  from  45°  to  90° 
up  from  horizontal,  thus  the  SOLMET  data  cannot  be  used  directly  but 
must  be  converted  to  the  appropriate  tilt  angle.  There  are  several 
sources  of  error,  when  using  horizontal  solar  data,  v;hich  the  designer 
should  recognize;  (l)  The  horizontal  radiation  data  itself  will  tend 
to  be  less  accurate  in  the  winter  due  to  the  low  altitude  of  the  sun 
relative  to  a horizontal  surface  (cosine  error)  and  possible  temperature 
effects  on  the  calibration  factor;  (2)  Reflections  from  the  snov;  will 
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affect  the  total  radiation  on  tilted  surfaces  (solar  collectors),  vjhereas 
the  horizontal  data  vjill  be  relatively  less  affected.  (V’e  have  measured 
reflected  radiation  in  winter  on  a vertical  surface  amounting  to  10  to 
20^  of  the  global  radiation.);  (3)  The  calculation  methods  used  to  trans- 
form horizontal  to  tilted  surface  radiation  are  necessarily  approximate 
and  are  subjects  of  continuing  discussion  in  the  technical  literature. 

The  factors  listed  above  produce  an  iincertainty  of  around  - 20^^  in 
the  calculated,  tilted  surface  radiation.  The  solar  designer  should 
take  account  of  the  effect  of  these  uncertainties  on  the  sizing  and 
anticipated  performance  of  his  system.  SOLMET  based  solar  data  for 
Montana  are  available  in  the  WSUN  publication  ’’Montana  Solar  and  Weather 
Information”. 

1.4  ASHRAE  Clear  Day  Tables 

The  American  Society  of  Heating,  Refrigerating  and  Air-Conditioning 
Engineers  (aSHRAE)  has  published  a ntimber  of  books  and  manuals  containing 
a wealth  of  information  on  solar  energy  and  solar  ener^  conversion  system 
design.  The  ASHRAE  Handbook  of  Fundamentals  includes  a comprehensive 
review  of  solar  energy  facts  and  references  and  is  required  reading.  The 
Handbook  of  Fundamentals  contains  extensive  tables  listing  the  clear  day 
solar  radiation  on  surfaces  oriented  at  various  azimuths  and  tilt  angles. 
The  average  radiation  hov;ever  will  be  considerably  less  than  these  values 
(approximately  30  to  70^)  due  to  clouds  and  atmospheric  filtering. 

One  ASHRAE  table  for  48°  latitude  is  reproduced  in  this  Manual. 

This  table  lists  values  for  the  altitude  and  aziniuth  of  the  sun  each 
month  which  will  help  the  designer  evaluate  the  amount  of  shading  at 
his  site  due  to  buildings,  trees,  mountains,  etc,.  Also  included  are 
clear  day  radiations  on  surfaces  tilted  at  various  angles.  This  data 
helps  designers  calculate  peak:  outputs  from  active  systems  and  maxi- 
mum temperatures  in  passive  systems#  (For  calculating  average  solar 
system  output  the  average  measured  solar  radiation  should  be  used.) 
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2 GUIDE  TO  THE  DATA  TABLES 

2.1  System  of  Units 

Data  in  the  Montana  Solar  Data  Manual  are  tabulated  using  metric 
units.  Earlier  solar  design  books  and  articles  may  utilize  conventional 
engineering  units  but  most  technical  journals  now  use  metric  or  SI  units. 
The  units  in  this  Manual  will,  therefore,  be  compatible  with  current 
and  future  technical  literature. 

The  SI  unit  for  energy  is  the  Joule  (l  Joule  = 1 Watt— second) . We 
have  used  the  kilowatt-hour  (WfJh)  for  energy  and  kilowatt-hour  per  square 
meter  (kl-fh/m^  or  KWH/sm)  for  energy -density.  This  convention  is  widely 
used  for  solar  radiation.  A table  of  conversion  factors  useful  for 

_2 

solar  design  is  included  in  Appendix  V of  this  Manual.  (317  BTU— ft  = 1 

-2) 

kl-Jh-m 

2.2  Solar  Data;  Overall  Monthly  Average  Table 

The  solar  radiation  data  have  been  summarized  in  two  formats:  OVERALL 
MONTHLY  AVERAGE  and  ANNUAL  MONTHLY  AVERAGE.  The  primary  quantity  listed 
is  the  Daily  Average  solar  radiation.  This  quantity  is  calculated  by 
adding  together  the  measured  daily  energy  density  ( in  kilowatt  hours  per 
square  meter)  for  each  day  in  a month  and  dividing  by  the  number  of  days 
in  the  month. 

The  Tables  of  Overall  Monthly  Averages,  Section  3|  summarize  all 
radiation  data  that  has  been  measured  at  each  station  since  the  beginning 
of  the  SIMM  program.  These  average  values  are  thus  the  best  current 
answer  to  the  question,  ’nihat  is  the  typical  radiation  at  that  station?". 
If  there  was  considerable  missing  data,  v^e  have  inserted  an  estimated 
value  for  overall  monthly  average.  These  estimated  values  are  flagged 
by  parentheses. 

2.3  Solar  Data;  Annual  Monthly  Average  Tables 

More  detailed  data  is  given  on  a year  by  year  basis  in  the  ANNUAL 
MONTHLY  AVl'lRAGE  TABLES,  Section  4«  An  average  intensity  spectrum  or 
distribution  is  given  for  each  month.  This  distribution  is  given  for 
12  thresholds  of  intensity  (each  0.1  kW-m  ')  as  a percentage  of  the 
total  radiation.  This  presentation  was  chosen  for  statistical  reasons 
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and  because  the  thresholds  relate  closely  to  solar-thermal  collector 
performance. 

A solar  collector  v;ill  convert  only  a portion  of  the  incident  solar 
radiation  into  useful  heat;  usually  around  in  vjinters  and  50^' 

summers,  based  on  daily  total  radiation.  A particular  collector  will 
have  a "threshold  value"  of  radiation  intensity  above  which  it  can 
operate  efficiently.  In  a properly  operatinf^  active  s.ystein,  the 
"threshold"  is  the  point  at  v/hich  the  circulation  pump  or  fan  turns  on. 

In  a passive  system,  the  "threshold"  is  the  point  vjhere  the  solar  heat 
coming  in  exceeds  the  heat  loss  of  the  collector.  This  threshold  de- 
pends on  many  factors  including  the  design  of  the  collector  (number  of 
glazings,  absorptivity  and  insulation),  the  storage  temperature,  and 

the  ambient  air  temperature  and  wind  velocity.  Typical  values  of  this 

2 

threshold  would  be  0.1  to  0.2  kw/m  for  warm  weather  and  0.2  to  0./] 

2 

kw/m  for  cold  weather. 

2.3.1  Tilt  Correction 

The  solar  radiation  values  presented  in  this  Manual  were  all  measured 

on  a surface  tilted  60*^  up  from  the  horizontal  and  facing  due  south.  The 

user  may  want  to  know  the  expected  radiation  on  a surface  at  some  other 
tilt  angle.  To  do  this  conversion,  we  have  included  Tables  of  Monthly 
Tilt  Correction  Factors  in  Section  3.  These  tables  are  based  on  calcu- 
lations using  a sophisticated  radiation  model.  The  factors  represent  a 
"best"  approximation  until  further  data  is  available. 

2.3.2  Missing  Data 

As  you  look  through  the  Solar  Data  Tables  you  will  note  that  there 
are  some  periods  for  which  no  data  are  listed.  Data  are  missing  near 
the  beginning  of  the  year  in  1977  and  1978  because  the  program  had  only 
recently  been  funded  and  the  instruments  were  not  installed  yet.  There 
have  been  three  cases  of  stolen  or  vandalized  instruments  causing  several 
months  of  lost  data.  Some  schools  had  remodeling  projects  and  electrical 
power  outages  which  interfered  with  the  continuity  of  the  data.  There 
were  two  cases  in  which  strip  chart  records  became  entangled  with  the 
janitor's  povjer  floor  waxer  and  were  lost!  Some  records  were  lost  because 
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the  recorder  ran  out  of  chart  paper  or  malfunctioned  and  some  data  were 
lost  in  the  mail. 

Ouestionahle  data  due  to  snow-covered  transducers  or  faulty  electri- 
cal connections  have  been  thrown  out.  Total  lost  data  due  to  all  causes 
v;as  about  18^3  of  the  current  data  period  of  60,856  data-days.  Incom- 
plete data  in  the  solar  data  tables  are  flagged  with  parentheses  placed 
around  the  daily  average.  These  parentheses  indicate  that  at  least  one 
day  of  data  v;as  missing  in  the  averaging  period. 

2.4  Manual  Solar  Data 

In  addition  to  the  30  continuous  solar  recording  stations  there  are 
currently  10  manual  solar  recording  stations.  The  transducer  for  the 
manual  stations  is  essentially  the  same  as  the  recording  stations  ex- 
cept that  a meter  is  used  in  place  of  the  strip  chart  recorder  and  the 
instrument  is  hand  held. 

The  volunteers  at  the  manual  stations  are  requested  to  make  at  least 
one  reading  of  the  solar  intensity  at  60°  tilt,  facing  south  around  noon 
each  school  day.  The  readings  are  sometimes  taken  by  teachers  and  often 
by  the  high  school  students  as  a project.  The  data  is  recorded  on  a 
prepared  data  form  and  sent  to  Fowlkes  Engineering  each  month  for  pro- 
cessing. Some  of  the  volunteers  take  and  record  hourly  readings  during 
the  school  day.  No  data  is  taken  on  weekends  or  during  the  summer  vaca- 
tion. 

We  process  the  data  by  averaging  all  available  hourly  solar  intensity 
readings  each  month.  These  values  are  plotted  against  time  along  with 
the  zero  points  representing  sunrise  and  sunset.  A curve  is  drawn 
through  these  points  to  produce  an  "average  day"  insolation  curve.  This 
curve  is  integrated  and  the  result  presented  in  the  Manual  Data  Tables. 

The  accuracy  of  this  manual  data  depends  primarily  on  the  care  with 
which  the  readings  were  taken  and,  consequently,  cannot  be  easily  deter- 
mined. The  solar  designer  should  compare  the  Manual  Data  v;ith  nearby 
continuous  recording  stations  to  judge  its  probable  accuracy. 


2.5  Cloudy  Day  Statistics 

Tables  of  the  occurrences  of  cloudy  days  for  each  station  shovj  the 
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niim'ber  of  times  each  year  a specified  duration  of  cloudy  days  occurred. 

A cloudy  day  was  defined  as  a day  with  a total  energy  density  less  than 

1.5  kJf/h/m  /day  (473  BTU/ft  /day).  It  is  assumed  that  most  solar  collec- 
tors would  deliver  no  useful  heat  on  these  *'cloudy"  days.  The  Tables 
were  compiled  for  both  the  total  year  and  the  heating  season,  defined  as 
October  1 to  May  21 . The  number  of  data— days  available  are  shov/n  in 
parentheses  above  each  table. 

EXAMPLE:  To  find  the  number  of  occurrences  of  "n"  or  more  cloudy 

days,  add  the  occurrences  of  "n"  to  all  occurrences  greater 
than  •’n«'.  In  Kalispell  in  1978,  for  a sam.ple  of  353  days, 
there  were  31  single  cloudy  days  and  15  cloudy  periods  of 
two  or  more  days.  Helena  in  I978,  for  a sample  of  353  days, 

22  single  cloudy  days  and  11  cloudy  periods  of  two  or  more 
days.  During  the  heating  season  in  Helena  there  were  only 
18  single  cloudy  days  and  10  periods  of  two  or  more  cloudy 
days. 

The  Cloudy  Day  Statistics  will  be  useful  in  determining  an  optimal 
thermal  storage  size  for  a given  system.  The  designer  should  note  the 
total  number  of  data-days  associated  V7ith  each  table.  Stations  with 
significant  missing  data  days  will  have  distorted  cloudy  day  statistics. 
The  designer  must  also  take  into  account  the  limited  time  span  (five  to 
six  years)  of  this  data. 

2.6  Climatological  Data 

Selected  long-term  average  climatological  data  taken  from  National 
Weather  Service  records  are  reproduced  in  this  Manual.  For  the  conven- 
ience of  the  user,  the  tables  are  reproduced  in  metric  as  well  as  con- 
ventional engineering  units.  Included  are  monthly  average  temperaturesj 
mean  daily,  maximum  daily  and  minimum  daily;  monthly  record  high  and  re- 
cord low.  The  average  degree  days  for  each  month,  base  18.3°C  ( 65°F) , 
are  also  listed.  These  data  should  be  useful  in  estimating  the  heat  re- 
quirements of  nevj  designs. 


SECTION  3 


TABLES  OF  OVERALL 
MONTHLY  AVERAGE  RADIATION 


a)  OVERALL  SUMMARY  MAP 

b)  OVERALL  MONTHLY  AVERAGE  RADIATION 

c)  TILT  CORRECTION  TABLE 

d)  ASHRAE  CLEAR  DAY  TABLE 


Note:  These  Tables  siimmarize  the  entire  solar  data  base  in  the 
form  of  overall  monthly  average  radiation  per  day.  All 
data  was  measured  on  a 60°  tilt;  use  tilt  correction 
tables  to  convert  data  to  other  tilts. 

Units  are  kilov/att  hours  per  square  meter  per  day. 
Multiply  these  values  by  317  to  get  solar  radiation  in 
Btu  per  square  foot  per  day. 


Average  daily  solar  radiation,  IdWh/ra  , during  heating  season  (Octoher  through  April) 
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MONTHLY  TILT  COP.REGTION  FACTORS 


TILT 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 


TILT 


TABLE  FOR  STATIONS  V/EST  OF  CONTINENTAI.  DIVIDE 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

. 65 

.68 

.86 

1.02 

1.20 

1.29 

1.26 

1 .08 

.84 

.67 

.57 

75 

.78 

.93 

1.07 

1.22 

1.30 

1.27 

1 . 13 

.93 

.78 

. 69 

. 84 

.87 

.99 

1 . 10 

1.22 

1.29 

1.27 

1 . 15 

.99 

. 86 

. 79 

. 9 1 

.93 

i .02 

1.11 

1.20 

1.25 

1.24 

1 . 15 

1.03 

.93 

• 0/ 

96 

.98 

1 .04 

1 . 10 

1 . 15 

1 . 19 

1 . 18 

1 . 12 

1 .04 

. 98 

. 94 

99 

1 .00 

1 .03 

1.06 

1.09 

1 . 10 

1 . 10 

1.07 

1.03 

1.00 

. 98 

m r r 

1.00 

i .00 

1 .00 

1.00 

1.00 

1 .00 

1 .00 

1 .00 

1 .00 

1 .00 

1.00 

r\ 

99 

.98 

.95 

.92 

.90 

.88 

.88 

.91 

.94 

. 97 

. 99 

95 

.93 

.88 

.82 

.79 

.75 

.75 

.79 

.86 

. 93 

. 97 

9 7 

.90 

.87 

.79 

.71 

. 66 

.62 

.61 
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. 86 

. 9 1 
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.4 
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.4 

»5 

. 6 

. 6 

. 6 

.5 

.4 

TABLE  FOR 

STATIONS  EAST  OF 

CONTINETJTAL 

DIVIDE 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

. 60 
.71 
.81 
.88 
.94 
.98 
1 .00 
.99 
.97 
.92 

.3 


DEC 


0 

.47 

.56 

.75 

1.02 

1.20 

1.29 

1.26 

1 .08 

.84 

.62 

.50 

.43 

10 

.60 

.68 

.85 

1.07 

1.23 

1.30 

1.27 

1 . 13 

.93 

.74 

. 63 

. 57 

20 

.72 

.79 

.93 

1 . 10 

1.23 

1.29 

1.27 

1 . 15 

.99 

.83 
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. 69 
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.88 

.98 
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1 . 15 
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1 . 12 
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1 . 10 
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1.07 

1.03 
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. 96 

60 
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1.00 

1.00 

1.00 

1 .00 

1.00 

1 .00 

1.00 

1,00 

1 .00 

1.00 

70 

1.01 

.99 

.96 

.92 

.89 

.88 

.88 
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.94 
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1 .02 

80 
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.89 

.82 

.77 

.75 
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.86 

.93 

.98 

1 . 00 

90 

.95 

.89 

.81 

.71 

.64 

.62 

.61 

.67 

.76 

a / 

.93 

. 97 

K+. 

.5 

.6 

. 6 

.5 

.5 

.5 

.6 

. 6 

. 6 

.6 

.5 

.5 

The  factors  in  these  tables  when  multiplied  by  the  monthly  measured 
solar  radiation  values  ( 60°  tilt)  produce  an  estimate  of  the  solar  radia- 
tion received  by  south— facing  surfaces  at  tilt  angles  other  than  60  . 
These  factors  are  based  on  calculations  by  Dr.  S.  A.  Klein. 

The  tables  incorporate  typical  monthly  values  of  for  eastern  and 
v;estern  portions  of  Montana.  The  errors  introduced  by  using  these  fac- 
tors should  be  less  than  10^:^. 

Example;  The  measured  radiation  in  Billings  during  February  was 

3,8  kl'/h/m^.  Estimate  the  radiation  on  a vertical  (90°)  surface. 

The  EAST  tilt  table  factor  for  February  and  a tilt  of  90°  is  O.89. 

The  estimated  90°  radiation  is  thus  3.8  x O.89  = 3.4  ki»h/m  . 


f 


ASHRAE  CLEAR  DAY  TABLES 
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SECTION  4 


TABLES  OF  MONTHLY  RADIATION  BY  YEAR 


alphabetical  by  station 


Note:  The  solar  radiation  values  presented  in  these  tables  were  all 
measured  on  a surface  tilted  60  up  from  the  horizontal  and 
facing  due  south. 

The  solar  data  tables  flag  lost  data  v/ith  parentheses  placed 
aro\ind  the  daily  average.  These  parentheses  indicate  that  at 
least  one  day  of  data  was  missing  in  the  averaging  period. 


RADIATION  (ld/h/M2)  x 317  = RADIATION  (BTU/ft^) 
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ANACONDA  NOT  INSTRUMENTED  IN  1977 


MONTH 


SOLAR  RADIATION  DATA  for:  ANACONDA, MONTANA  1978 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 

KUH/SH/DAY  >.l  >.2  >.3  >.A  >.5  >-6  >.7  >.8  >.9  >1.0  >1.1  >1.2 


JAN 

FEB 

HAR 

(5.05) 

97 

93 

87 

82 

78 

70 

63 

54 

24 

3 

0 

0 

APR 

(3.92) 

91 

78 

68 

56 

45 

37 

30 

21 

11 

2 

0 

0 

NAY 

3.26 

83 

65 

47 

39 

33 

26 

21 

16 

4 

0 

0 

0 

JUN 

(4.21 ) 

91 

83 

71 

61 

50 

37 

26 

12 

2 

0 

0 

0 

JUL 

(4.77) 

93 

85 

79 

67 

59 

50 

40 

28 

12 

2 

1 

0 

AU6 

(4.40) 

95 

90 

83 

74 

64 

53 

48 

30 

14 

0 

0 

0 

SEP 

4.19 

88 

75 

69 

62 

54 

46 

40 

29 

21 

7 

1 

0 

OCT 

(5.31 ) 

97 

94 

88 

83 

77 

67 

59 

48 

34 

16 

1 

0 

NOV 

(2.43) 

81 

60 

47 

40 

35 

29 

22 

16 

9 

0 

0 

0 

DEC 

(2.13) 

83 

63 

54 

44 

34 

24 

17 

9 

1 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  ANACONDA , MONTANA  1979 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SH/DAY 

>.1 

CM 

• 

>.3 

>.4 

>.5 

>.6  ; 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(3.13) 

85 

66 

59 

54 

48 

41 

31 

24 

16 

3 

0 

0 

FEB 

(3.00) 

91 

76 

63 

50 

41 

32 

25 

20 

15 

7 

2 

0 

HAR 

(3.52) 

91 

70 

56 

43 

37 

29 

26 

20 

15 

5 

0 

0 

APR 

3.97 

93 

78 

67 

52 

42 

34 

25 

17 

12 

3 

0 

0 

MAY 

4.43 

93 

82 

72 

60 

48 

38 

31 

18 

6 

1 

0 

0 

JUN 

(4.24) 

91 

79 

69 

60 

49 

35 

26 

15 

4 

0 

0 

0 

JUL 

4.57 

92 

83 

76 

66 

56 

47 

33 

23 

8 

0 

0 

0 

AUG 

3.85 

88 

78 

70 

58 

51 

42 

30 

19 

6 

1 

0 

0 

SEP 

(4.73) 

97 

91 

85 

76 

64 

53 

40 

31 

17 

5 

0 

0 

OCT 

3.62 

89 

75 

65 

59 

52 

43 

36 

27 

20 

6 

1 

0 

NOV 

(3.22) 

88 

76 

69 

65 

58 

51 

40 

28 

16 

1 

0 

0 

DEC 

2.47 

88 

76 

67 

61 

51 

40 

26 

16 

4 

2 

0 

0 
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SOLAR  RADIATIOM  DATA  for.-  ANACONDA ,H0NTAWA  1980 


Montana  D»partwent  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Engineering,  Bozenan,  Mt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  • 

THRESHOLD 

(KM/SM) 

NOHTH 

KWH/SM/OAY 

>J 

>,2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>,9 

>1.0 

>1.1 

>1  .2 

JAN 

<2.77) 

88 

71 

59 

51 

43 

38 

32 

24 

12 

1 

0 

0 

FEB 

<2.98) 

90 

79 

60 

50 

42 

34 

24 

19 

12 

3 

1 

0 

NAR 

3.62 

94 

80 

66 

55 

46 

37 

24 

17 

12 

4 

0 

0 

APR 

<4.54) 

93 

84 

75 

67 

57 

45 

36 

27 

17 

2 

1 

0 

MAY 

<3.33) 

83 

69 

59 

49 

38 

30 

23 

17 

8 

0 

0 

0 

JUN 

<3.92) 

92 

BO 

67 

57 

42 

30 

22 

H 

4 

0 

0 

0 

JUL 

<4,61) 

94 

82 

75 

66 

59 

49 

36 

24 

3 

0 

0 

0 

AUG 

<4.68) 

95 

88 

82 

73 

63 

51 

39 

25 

11 

1 

0 

0 

SEP 

<4.85) 

95 

89 

83 

76 

66 

59 

50 

38 

24 

2 

0 

0 

OCT 

4.32 

89 

80 

76 

69 

64 

57 

46 

36 

23 

6 

0 

0 

NOV 

<2,82) 

85 

69 

61 

57 

4i 

42 

34 

26 

15 

2 

0 

0 

DEC 

2.13 

78 

67 

57 

46 

36 

29 

20 

13 

5 

1 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  ANACONDA, MONTANA  1981 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

<3.12) 

86 

77 

68 

61 

52 

43 

36 

29 

17 

1 

0 

0 

FEB 

3.73 

92 

79 

71 

63 

56 

48 

41 

32 

24 

14 

4 

1 

MAR 

<5.01 ) 

92 

80 

76 

68 

62 

57 

51 

44 

34 

26 

10 

0 

APR 

<4.47) 

94 

83 

72 

59 

52 

43 

34 

24 

12 

1 

0 

0 

MAY 

<3.01 ) 

87 

65 

48 

40 

32 

25 

20 

9 

1 

0 

0 

0 

JUN 

(4.64) 

93 

83 

72 

65 

56 

48 

35 

15 

2 

0 

0 

0 

JUL 

4.68 

93 

85 

79 

71 

61 

51 

39 

20 

2 

0 

0 

0 

AUG 

4.83 

94 

87 

81 

74 

65 

55 

43 

28 

8 

0 

0 

0 

SEP 

(4.97) 

96 

89 

82 

73 

64 

56 

47 

36 

20 

2 

0 

0 

OCT 

NOV 

(2.36) 

80 

65 

58 

52 

42 

30 

23 

15 

7 

2 

0 

0 

DEC 

1 .93 

84 

64 

52 

43 

32 

23 

16 

9 

3 

1 

0 

0 

SOLAR  RADIATION  DATA  for:  ANACONDA, MONTANA  1982 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SM) 


MONTH 

KUH/SM/DAY 

>.l 

>.2 

JAN 

(1.94) 

78 

56 

FEB 

(3.58) 

93 

82 

MAR 

(3.63) 

93 

78 

APR 

(4.88) 

94 

85 

MAY 

(3.98) 

87 

73 

JUN 

(3.77) 

89 

80 

JUL 

AUG 

(4.71 ) 

97 

91 

SEP 

3.97 

85 

73 

OCT 

(2.75) 

81 

65 

NOV 

2.59 

92 

80 

DEC 

(1.87) 

74 

58 

.3 

>.4 

>.5 

>.6  : 

>.?  : 

>.8  : 

>.9 

>1  .0 

>1.1 

>1.2 

47 

39 

32 

27 

18 

15 

8 

1 

0 

0 

73 

65 

56 

44 

35 

25 

13 

2 

0 

0 

63 

52 

45 

37 

28 

20 

14 

8 

1 

0 

77 

68 

5B 

48 

40 

30 

15 

2 

0 

0 

62 

54 

46 

36 

26 

15 

2 

0 

0 

0 

66. 

56 

49 

35 

27 

11 

1 

0 

0 

0 

81 

67 

52 

39 

36 

33 

26 

0 

0 

0 

66 

58 

52 

44 

34 

25 

12 

1 

0 

0 

56 

46 

37 

32 

24 

16 

13 

5 

0 

0 

67 

58 

49 

38 

21 

13 

5 

0 

0 

0 

50 

43 

34 

26 

17 

4 

0 

0 

0 

0 
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SOLAR  RADIATION  DATA  for:  BILLINGS , HON  I ANA  1977 


Hontani  Depart««nt  of  Natural  Resources  and  Conservation 
cowpiled  by:  Fowlkes  Engineering,  Bosenan,  Mt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


HONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  > 

'.7 

>.8 

>.9 

>1.0 

>1.1 

>1  .2 

JAN 

LlB 

(4.38) 

86 

80 

76 

71 

65 

60 

51 

41 

27 

7 

0 

0 

MAR 

4.04 

89 

78 

71 

64 

57 

48 

38 

30 

17 

5 

2 

1 

APR 

(5.20) 

94 

87 

§1 

73 

65 

58 

48 

35 

16 

1 

0 

0 

MAY 

4.23 

91 

82 

72 

63 

53 

42 

30 

14 

1 

0 

0 

0 

JUN 

(4.74) 

94 

88 

82 

75 

66 

54 

41 

24 

2 

0 

0 

0 

JUL 

A. 66 

94 

88 

8d 

72 

62 

52 

40 

2t 

0 

0 

0 

0 

AUG 

4.77 

94 

86 

80 

73 

66 

55 

43 

30 

5 

0 

0 

0 

SEP 

(5.23) 

93 

87 

80 

76 

70 

63 

53^ 

40 

23 

4 

0 

0 

OCT 

(4.46) 

90 

83 

76 

70 

64 

56 

47 

33 

17 

1 

0 

0 

NOV 

(3.73) 

90 

85 

78 

69 

59 

51 

39 

28 

13 

1 

0 

0 

DEC 

(3.13) 

83 

69 

62 

59 

53 

46 

36 

27 

15 

2 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  BILLINGS, MONTANA  1978 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

2.70 

89 

66 

50 

45 

36 

31 

24 

18 

10 

2 

0 

0 

FEB 

3.59 

91 

69 

58 

54 

46 

42 

36 

28 

20 

11 

0 

0 

MAR 

4.92 

93 

86 

78 

71 

63 

52 

45 

34 

23 

8 

1 

0 

APR 

(3.92) 

87 

74 

64 

58 

51 

41 

33 

23 

11 

3 

0 

0 

MAY 

3.60 

81 

66 

56 

50 

45 

37 

30 

19 

4 

1 

0 

0 

JUN 

4.65 

93 

88 

82 

75 

67 

56 

44 

18 

1 

0 

0 

0 

JUL 

4.20 

89 

80 

72 

63 

54 

46 

35 

13 

0 

0 

0 

0 

AUG 

5.10 

95 

90 

94 

77 

70 

61 

51 

35 

10 

0 

0 

0 

SEP 

(4.68) 

89 

83 

76 

70 

62 

55 

46 

33 

18 

2 

0 

0 

OCT 

(5.07) 

97 

95 

89 

84 

78 

70 

61 

42 

27 

4 

0 

0 

NOV 

3.39 

87 

72 

60 

55 

47 

39 

33 

25 

16 

2 

0 

0 

DEC 

2.95 

88 

78 

68 

63 

52 

44 

34 

23 

13 

1 

0 

0 

SOLAR  RADIATION  DATA  fors  BILLINGS , MONTANA  1979 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THREl 

MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.? 

>.8 

>.9 

JAN 

4.03 

95 

83 

76 

71 

64 

56 

46 

35 

23 

FEB 

(3.85) 

95 

86 

75 

63 

54 

45 

35 

25 

16 

MAR 

4.31 

92 

81 

71 

64 

56 

49 

41 

32 

22 

APR 

(4.12) 

90 

78 

67 

58 

51 

42 

33 

24 

8 

MAY 

4.26 

90 

78 

70 

62 

53 

42 

30 

20 

4 

JUN 

(4.70) 

94 

89 

82* 

73 

64 

51 

35 

13 

1 

JUL 

(5.11 ) 

94 

89 

84 

77 

69 

59 

48 

30 

0 

AUG 

4.67 

92 

85 

78 

68 

61 

51 

41 

31 

■7 

/ 

SEP 

(6.27) 

98 

96 

93 

88 

83 

75 

65 

52 

32 

OCT 

4.33 

90 

83 

77 

71 

62 

53 

44 

32 

15 

NOV 

3.84 

87 

75 

70 

63 

58 

52 

43 

34 

16 

DEC 

2.97 

88 

79 

69 

59 

51 

41 

32 

19 

3 

0 

0 

0 

0 

0 

1 

0 


0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 


20 


SOLAR  RAD.IATIOM  DATA  for:  BILLINGS , MONTANA  1980 


Montana  Departwent  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Engineering;  Bozenan,  Ht. 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KW/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  > 

.7 

>.0 

>.9 

>1.0 

>1.1 

>1  .2 

JAN 

<3.28) 

90 

76 

67 

59 

54 

44 

38 

26 

15 

1 

0 

0 

FEB 

3.31 

84 

74 

61 

52 

45 

37 

30 

25 

16 

5 

0 

0 

MAR 

4.02 

90 

74 

63 

56 

50 

43 

36 

26 

15 

5 

0 

0 

APR 

(5.17) 

95 

90 

82 

74 

65 

57 

49 

39 

24 

2 

0 

0 

MAY 

4.73 

94 

86 

79 

71 

61 

49 

41 

28 

9 

0 

0 

0 

JUN 

4.81 

93 

88 

82 

74 

67 

54 

43 

21 

1 

0 

0 

0 

JUL 

5.14 

95 

91 

88 

82 

74 

64 

51 

27 

0 

0 

0 

0 

AUG 

4.72 

94 

87 

78 

72 

64 

53 

45 

29 

6 

0 

0 

0 

SEP 

4.63 

93 

83 

78 

71 

64 

55 

43 

32 

18 

2 

0 

0 

OCT 

(4.54) 

81 

76 

72 

68 

63 

57 

48 

35 

18 

2 

0 

0 

NOV 

2.84 

82 

66 

55 

47 

38 

33 

23 

16 

9 

0 

0 

0 

DEC 

(1.89) 

77 

59 

51 

41 

31 

24 

14 

4 

1 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

■:  BILLINGS, 

MONTANA 

1901 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>,1 

>.2 

>.3 

>.4 

>.5 

>.6  :: 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAW 

4.01 

90 

86 

80 

74 

68 

61 

45 

32 

10 

0 

0 

0 

FEB 

(3.68) 

90 

77 

69 

63 

58 

50 

39 

28 

18 

5 

0 

0 

MAR 

(5.45) 

91 

87 

81 

76 

70 

65 

52 

42 

29 

10 

0 

0 

APR 

(4.80) 

96 

86 

72 

67 

60 

48 

41 

34 

21 

5 

0 

0 

MAY 

(4.01 ) 

86 

74 

63 

50 

41 

35 

30 

20 

6 

3 

1 

0 

JUN 

4.64 

92 

82 

77 

70 

61 

50 

38 

18 

1 

0 

0 

0 

JUL 

4.89 

92 

86 

80 

74 

67 

57 

45 

20 

0 

0 

0 

0 

AUG 

5.68 

96 

94 

89 

83 

76 

67 

56 

35 

o 

0 

0 

0 

SEP 

5.64 

91 

88 

84 

79 

72 

66 

57 

43 

24 

1 

0 

0 

OCT 

3.91 

84 

70 

60 

55 

49 

45 

38 

31 

21 

2 

0 

0 

NOV 

(4.07) 

90 

82 

75 

70 

60 

53 

45 

33 

17 

0 

0 

0 

DEC 

<3.01 ) 

89 

77 

70 

63 

56 

50 

40 

27 

5 

0 

0 

0 

SOLAR  RADIATION 

DATA  fot 

■'£  i 

BILLINGS, 

, MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1 .: 

JAN 

2.48 

84 

63 

53 

45 

38 

31 

25 

16 

9 

2 

0 

0 

FEB 

(4.09) 

90 

83 

76 

69 

63 

53 

41 

31 

19 

7 

0 

0 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


(4.52) 

4-10 

(4.14) 

(4.62) 

5.27 
4.55 
4.26 
3.24 

2.28 


92  80  69  62  56  49  40  28  15 


38  29  18 


86  75  65  57  46 

91  81  7Q  61  53  44  30  11 

92  85  75  68  59  47  36  17 

96  92  86  80  74  66  54  40 

86  72  67  63  57  52 

76  69  60  51  39  28  18 

66  60  54  45  35  24  8 


4 
1 
0 
8 

35  21 


92  85 

81  73 


81  67  55  47  36  26  17 


1 

0 

0 

0 

0 

1 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


21 


SOLAR  RADIATION  DATA  for:  BOZEMAR , MONTANA  1977 

Montana  Departwent  of  Natural  Resources  and  Conservation 
conpiled  by:  FowlKes  Engineering,  Bozenan,  Mt. 


r 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  ' 

IHRESHOLD 

(KU/SH) 

MONTH 

KUH/SM/DAY  > 

.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

(3.04) 

84 

67 

AO 

52 

42 

36 

30 

23 

17 

7 

0 

0 

FEB 

3.75 

91 

81 

69 

59 

52 

42 

35 

27 

13 

2 

0 

0 

MAR 

3.45 

78 

72 

63 

53 

49 

40 

37 

33 

27 

20 

12 

8 

APR 

5.49 

96 

91 

84 

75 

69 

60 

52 

41 

24 

3 

1 

0 

MAY 

(3.47) 

61 

70 

61 

53 

41 

35 

27 

19 

7 

4 

4 

4 

JUN 

4.63 

92 

85 

77 

69 

61 

49 

34 

14 

1 

0 

0 

0 

JUL 

4.80 

94 

87 

78 

69 

60 

48 

37 

23 

3 

0 

0 

0 

AU6 

(4.78) 

94 

85 

78 

71 

66 

57 

46 

28 

3 

1 

0 

0 

SEP 

(4.73) 

91 

81 

72 

67 

60 

54 

44 

37 

22 

1 

0 

0 

OCT 

(4.30) 

87 

79 

71 

65 

39 

51 

43 

36 

23 

6 

2 

1 

NOO 

(1.99) 

73 

50 

46 

38 

30 

20 

16 

12 

7 

2 

1 

0 

BEC 

(1.93) 

A7 

53 

39 

33 

29 

23 

19 

16 

12 

4 

1 

0 

SOLAR  RADIATION 

DATA  for; 

BOZEMAN 

, MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY  > 

.1 

>.2 

>.3 

>.4 

>.5 

>.6  ; 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

2.53 

84 

65 

51 

43 

36 

32 

26 

21 

14 

7 

1 

0 

FEB 

(3.81) 

95 

82 

69 

59 

53 

46 

40 

34 

24 

17 

4 

1 

MAR 

(4.98) 

96 

91 

83 

71 

65 

55 

47 

38 

27 

12 

2 

0 

APR 

4.02 

93 

82 

65 

55 

47 

36 

28 

21 

12 

3 

0 

0 

MAY 

(3.75) 

89 

73 

61 

51 

42 

33 

24 

15 

4 

0 

0 

0 

JUN 

(4.45) 

91 

83 

75 

68 

60 

48 

32 

12 

1 

0 

0 

0 

JUL 

4.65 

94 

86 

78 

69 

63 

52 

39 

24 

2 

D 

0 

0 

AU8 

5.00 

94 

87 

77 

71 

65 

56 

46 

34 

12 

2 

0 

0 

SEP 

4.51 

87 

78 

72 

67 

62 

54 

46 

38 

23 

5 

1 

0 

OCT 

5.24 

95 

91 

86 

80 

72 

64 

55 

45 

33 

5 

0 

0 

MOV 

(2.92) 

79 

66 

53 

47 

42 

32 

25 

19 

12 

3 

0 

0 

DEC 

2.22 

68 

55 

49 

44 

42 

37 

31 

23 

19 

3 

3 

3 

SOLAR  RADIATION 

DATA  for: 

BOZEMAN, 

MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1  >1 

.2 

JAN 

(2.95) 

82 

55 

48 

43 

41 

36 

32 

25 

19 

5 

0 

0 

FEB 

3.57 

95 

79 

65 

54 

48 

42 

36 

27 

19 

9 

2 

0 

MAR 

(4.40) 

94 

81 

66 

59 

50 

43 

35 

28 

23 

12 

2 

0 

APR 

4.11 

94 

83 

72 

59 

52 

42 

32 

19 

10 

t 

0 

0 

MAY 

(4.20) 

91 

80 

69 

59 

50 

39 

29 

19 

4 

0 

0 

0 

JUN 

4.78 

94 

87 

77 

69 

59 

48 

37 

21 

0 

0 

0 

0 

JUL 

5.32 

94 

90 

86' 

79 

70 

61 

49 

27 

1 

0 

0 

0 

AU6 

(4.77) 

93 

86 

78 

72 

62 

52 

40 

25 

8 

1 

0 

0 

SEP 

(6.04) 

97 

94 

90 

84 

78 

71 

61 

48 

31 

4 

0 

0 

OCT 

3.96 

88 

77 

69 

62 

53 

44 

37 

29 

18 

1 

0 

0 

NOV 

3.95 

93 

82 

74 

67 

56 

50 

42 

34 

20 

1 

0 

0 

DEC 

2.60 

79 

66 

60 

52 

42 

33 

28 

19 

6 

1 

0 

0 

22 


SOLAR  RADIATION  DATA  fors  BOZEMAM .MONTANA  19B0 

Montana  Departwenl  of  Natural  Resources  and  Conservation 
conpiled  by*  Fowlkes  Engineering,  Bozenan,  Ht. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KW/SM) 


MONTH 

KUH/SM/DAY  > 

.1  > 

.2  > 

.3  > 

.4  > 

.5  > 

.6  > 

.7  > 

CD 

• 

.9  >1.0  >1.1 

>1  .2 

JAN 

<3.03) 

83 

67 

56 

50 

45 

39 

32 

24 

14 

3 

0 

0 

FEB 

(2.61) 

91 

66 

45 

35 

30 

27 

19 

13 

8 

5 

1 

0 

MAR 

(4.25) 

96 

85 

73 

60 

48 

43 

30 

22 

17 

9 

2 

0 

APR 

5.12 

95 

89 

83 

75 

64 

53 

45 

33 

20 

4 

0 

0 

MAY 

(4.15) 

91 

80 

70 

60 

52 

43 

30 

19 

5 

1 

0 

0 

JUN 

4.42 

92 

80 

71 

63 

54 

43 

30 

16 

1 

0 

0 

0 

JUL 

5.02 

95 

89 

82 

76 

68 

58 

45 

22 

0 

0 

0 

0 

AUG 

(4.91 ) 

94 

84 

79 

71 

64 

55 

45 

35 

14 

1 

0 

0 

SEP 

(4.24) 

90 

60 

71 

62 

54 

46 

40 

30 

17 

4 

0 

0 

OCT 

4.59 

84 

75 

70 

66 

62 

54 

47 

37 

24 

2 

0 

0 

NOV 

2.58 

77 

60 

51 

44 

37 

30 

22 

15 

9 

2 

0 

0 

DEC 

(2.07) 

79 

67 

56 

45 

35 

26 

18 

8 

3 

0 

0 

0 

SOLAR  RADIATION 

DATA  for: 

BOZEMAN, 

MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(kU/SM) 

MONTH 

KWH/SH/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

3.68 

83 

75 

68 

62 

57 

50 

41 

29 

19 

1 

0 

0 

FEB 

(3.72) 

93 

76 

62 

52 

44 

40 

34 

29 

20 

13 

5 

0 

MAR 

5.25 

95 

85 

79 

73 

65 

60 

53 

43 

34 

20 

1 

0 

APR 

4.33 

93 

81 

73 

63 

53 

44 

34 

26 

16 

5 

1 

0 

MAY 

3.49 

84 

69 

59 

51 

43 

31 

21 

14 

5 

0 

0 

0 

JUN 

4.42 

94 

85 

75 

68 

56 

47 

33 

15 

3 

1 

0 

0 

JUL 

5.24 

95 

91 

85 

79 

71 

62 

47 

25 

9 

K- 

0 

0 

0 

AUG 

5.57 

96 

92 

88 

82 

74 

66 

54 

37 

6 

0 

0 

0 

SEP 

4.89 

90 

85 

76 

71 

63 

55 

44 

34 

20 

1 

0 

0 

OCT 

(3.43) 

80 

68 

58 

48 

42 

36 

31 

25 

17 

5 

1 

0 

NOV 

3.47 

81 

74 

67 

61 

55 

48 

39 

29 

17 

2 

0 

0 

DEC 

2.20 

84 

64 

54 

44 

36 

31 

23 

14 

5 

0 

0 

0 

SOLAR  RADIATION 

1 DATA  for: 

BOZEMAN, 

MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

(2.06) 

80 

59 

48 

33 

26 

23 

16 

15 

7 

/ 

1 

0 

0 

FEB 

3.55 

92 

78 

65 

57 

49 

41 

32 

28 

18 

7 

0 

0 

MAR 

3.57 

88 

73 

63 

52 

42 

34 

29 

21 

17 

7 

0 

0 

APR 

4.68 

95 

88 

78 

69 

60 

53 

42 

31 

14 

5 

0 

0 

MAY 

3.96 

90 

78 

67 

60 

49 

41 

29 

16 

O 

V. 

0 

0 

0 

JUN 

4.05 

93 

83 

78 

61 

53 

39 

26 

6 

0 

0 

0 

0 

JUL 

A. 84 

94 

85 

79 

72 

63 

52 

40 

26 

3 

0 

0 

0 

AUG 

5.44 

96 

92 

87 

81 

73 

66 

55 

40 

14 

0 

0 

0 

SEP 

4.35 

38 

76 

68 

62 

55 

49 

41 

28 

16 

0 

0 

0 

OCT 

3.86 

89 

79 

73 

67 

58 

47 

40 

30 

18 

6 

0 

0 

NOV 

2.49 

82 

65 

53 

46 

38 

31 

21 

15 

5 

0 

0 

0 

DEC 

(2.39) 

81 

63 

55 

48 

43 

37 

29 

18 

2 

0 

0 

0 

23 


SOLAR  RADIATION  DATA  for:  BROWNING, HONTANA  1977 


Montana  Dopartnent  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineerin9,  Bozenan,  Ht. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SN) 

MONTH  KUH/SM/DAY  >.1  >.2  >.3  >.4  >.5  >.6  >.7  >.8  >.9  >1.0  >1.1  >1.2 


JAN 

FED 

HAR 


APR 

<5.77) 

97 

91 

84 

78 

70 

63 

54 

41 

25 

8 

0 

0 

MAY 

(4.40) 

93 

82 

71 

60 

47 

38 

28 

19 

8 

2 

1 

0 

JUN 

(4.37) 

90 

81 

70 

62 

53 

44 

31 

19 

3 

1 

1 

1 

JUL 

4.75 

90 

83 

74 

66 

56 

48 

39 

24 

8 

0 

0 

0 

AUG 

(3.91) 

85 

66 

53 

50 

43 

39 

33 

24 

6 

0 

0 

0 

SEP 

(4.11) 

79 

69 

62 

57 

53 

47 

38 

29 

19 

1 

0 

0 

OCT 

4.04 

91 

82 

73 

66 

60 

51 

42 

30 

15 

1 

1 

1 

NOV 

(3.04) 

90 

76 

64 

53 

46 

40 

32 

22 

11 

0 

0 

0 

DEC 

(1.99) 

69 

46 

40 

38 

34 

28 

19 

13 

3 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

: BROWNING, 

MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

(3.04) 

89 

70 

56 

48 

41 

35 

29 

23 

16 

5 

0 

0 

FEB 

(4.05) 

89 

79 

63 

54 

47 

42 

38 

32 

25 

16 

1 

0 

NAR 

(4.14) 

90 

81 

72 

63 

52 

45 

37 

30 

21 

12 

5 

1 

APR 

3.64 

87 

66 

55 

48 

40 

34 

28 

19 

11 

4 

0 

0 

MAY 

(4.03) 

87 

71 

61 

54 

44 

38 

32 

23 

to 

1 

0 

0 

JUN 

5.24 

94 

87 

83 

77 

69 

59 

45 

26 

1 

0 

0 

0 

JUL 

4.65 

91 

81 

73 

65 

57 

51 

42 

29 

5 

0 

0 

0 

AUG 

(4.77) 

93 

83 

75 

68 

59 

52 

42 

32 

14 

3 

0 

0 

SEP 

4.90 

90 

82 

76 

70 

65 

58 

47 

37 

27 

7 

1 

0 

OCT 

4.60 

92 

84 

61 

73 

65 

55 

43 

33 

21 

4 

0 

0 

NOV 

(4.81) 

98 

95 

90 

90 

80 

71 

64 

43 

12 

0 

0 

0 

BEC 

(3.55) 

98 

95 

95 

81 

60 

45 

10 

0 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  BROWNING , MONTANA  1979 
DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KW/SM) 


MONTH 

JAN 

FEB 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1  .2 

HAR 

(4.75) 

97 

88 

81 

71 

64 

54 

41 

29 

19 

9 

1 

0 

APR 

(5.06) 

95 

86 

78 

69 

60 

52 

44 

36 

24 

1 1 

A. 

0 

MAY 

4.41 

90 

76 

65 

55 

47 

39 

32 

23 

7 

1 

0 

0 

JUN 

(5.13) 

94 

86 

79 

70 

61 

50 

40 

26 

6 

0 

0 

0 

JUL 

AUG 

(4.75) 

89 

81 

74 

68 

59 

51 

42 

30 

3 

0 

0 

0 

SEP 

(5.75) 

98 

95 

90 

84 

77 

69 

58 

46 

28 

0 

0 

0 

OCT 

3.96 

87 

78 

72 

64 

55 

47 

37 

28 

17 

1 

0 

0 

NOV 

DEC 

(3.06) 

65 

52 

48 

45 

41 

36 

32 

27 

18 

3 

0 

0 

24 


SOLAR  RADIATIOM  DATA  fors  BROUMIRB , HONIARA  1980 

Montana  Oepartnont  of  Natural  Raaources  and  Conservation 
compiled  by:  Foulkes  Ensineerin^,  Bozenan^  Mt. 


BAILY  AVERA6E  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SH) 


MONTH 

KWH/SH/BAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

FEB 

HAR 

(A. 39) 

93 

87 

76 

65 

56 

45 

38 

31 

21 

13 

1 

0 

APR 

(5.25) 

94 

87 

80 

70 

64 

52 

42 

36 

21 

4 

0 

0 

HAY 

(4.46) 

86 

78 

67 

60 

51 

43 

36 

25 

6 

0 

0 

0 

JUN 

(3.69) 

87 

73 

60 

49 

34 

26 

22 

13 

0 

0 

0 

0 

JUL 

AU8 

SEP 

(4.75) 

92 

83 

77 

70 

65 

59 

50 

39 

28 

0 

0 

0 

OCT 

(4.53) 

89 

83 

76 

71 

64 

56 

48 

37 

22 

1 

0 

0 

MOV 

(3.66) 

89 

80 

73 

66 

60 

53 

43 

32 

14 

0 

0 

0 

DEC 

(2.25) 

80 

57 

44 

35 

26 

16 

13 

9 

2 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  fors  BR0UNIN8 ^HONTANA  1981 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SH) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1 .2 

JAN 

FEB 

(7.19) 

99 

97 

95 

92 

86 

82 

78 

67 

55 

29 

0 

0 

HAR 

5.17 

93 

84 

75 

72 

66 

60 

52 

43 

33 

18 

0 

0 

APR 

(6.01) 

97 

92 

86 

79 

73 

66 

56 

43 

31 

15 

1 

0 

NAY 

4.06 

88 

76 

64 

54 

45 

35 

27 

16 

5 

1 

0 

0 

JUN 

(4.70) 

91 

81 

70 

62 

52 

42 

31 

19 

4 

0 

0 

0 

JUL 

(6.02) 

95 

93 

89 

84 

78 

69 

57 

36 

2 

0 

0 

0 

AUG 

SEP 

(5.38) 

95 

88 

81 

76 

67 

62 

52 

41 

22 

2 

0 

0 

OCT 

(3.87) 

91 

80 

74 

68 

61 

51 

35 

23 

11 

1 

0 

0 

NOV 

DEC 

(3.19) 

86 

77 

71 

63 

57 

46 

34 

19 

0 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  fors  BROUNING, MONTANA  1982 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SH) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

1.88 

SO 

52 

41 

33 

25 

18 

13 

9 

2 

0 

0 

0 

FEB 

(3.55) 

94 

84 

75 

66 

S4 

44 

34 

25 

15 

5 

0 

0 

NAR 

4.28 

95 

82 

73 

63 

54 

47 

39 

28 

16 

4 

0 

0 

APR 

5.29 

95 

88 

82 

74 

67 

59 

51 

40 

23 

5 

1 

0 

NAY 

4.48 

89 

74 

65 

57 

50 

42 

34 

23 

5 

0 

0 

0 

JUN 

(4.57) 

93 

83 

73 

64 

54 

44 

30 

14 

0 

0 

0 

0 

JUL 

(5.29) 

95 

90 

84 

75 

69 

58 

46 

30 

3 

0 

0 

0 

AUG 

(5.22) 

95 

89 

81 

73 

66 

58 

46 

32 

9 

1 

0 

0 

SEP 

(4.59) 

89 

75 

66 

59 

55 

50 

43 

32 

19 

1 

0 

0 

OCT 

4.27 

90 

80 

72 

64 

59 

52 

44 

33 

15 

1 

0 

0 

NOV 

2.78 

79 

67 

57 

50 

43 

37 

28 

19 

6 

0 

0 

0 

DEC 

2.02 

75 

60 

49 

39 

34 

22 

14 

3 

0 

0 

0 

0 

25 


SOLAR  RADIATION  DATA  fori  BUTTE, MONTANA  1?77 

Nontana  Daparintni  of  Natural  RfficNjrcei  aad  Contorvation 
conpiltd  byi  Fowlkii  Engineering,  Boztfian,  Mt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

(4.57) 

?8 

95 

88 

83 

69 

53 

40 

24 

15 

1 

0 

0 

FEi 

3.87 

94 

82 

74 

64 

55 

48 

40 

30 

16 

3 

0 

0 

HAR 

(3.85) 

91 

75 

45 

56 

47 

38 

32 

26 

17 

10 

1 

0 

APR 

5.4t 

97 

91 

64 

74 

64 

59 

50 

41 

25 

2 

0 

0 

HAY 

(3.41) 

89 

70 

57 

43 

31 

24 

18 

13 

4 

0 

0 

0 

JUN 

(4.30) 

91 

84 

76 

64 

55 

43 

31 

11 

1 

0 

0 

0 

JUL 

AUG 

SEP 

(3.77) 

90 

75 

46 

53 

48 

39 

33 

24 

14 

4 

0 

0 

OCT 

4.47 

95 

87 

80 

71 

63 

53 

44 

32 

20 

3 

1 

0 

NOV 

2.01 

55 

52 

50 

46 

43 

39 

34 

30 

26 

22 

20 

20 

DEC 

2.08 

70 

46 

40 

37 

34 

29 

24 

17 

11 

1 

0 

0 

SOLAR  RADIATION  DATA 

for: 

BUTTE, 

MONTANA 

1978 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KM/SN) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1. 

JAN 

(2.43) 

87 

59 

45 

38 

34 

27 

22 

17 

11 

2 

0 

0 

FEB 

3.67 

93 

76 

47 

60 

53 

43 

37 

28 

19 

8 

1 

0 

NAR 

(4.92) 

96 

88 

81 

71 

64 

56 

49 

40 

28 

9 

1 

0 

APR 

4.15 

94 

82 

70 

60 

50 

40 

30 

22 

12 

4 

1 

0 

HAY 

2.30 

44 

53 

43 

37 

33 

29 

26 

22 

17 

14 

14 

14 

JUN 


JUL 

AUG 

SEP 


OCT 

1.52 

41 

39 

37 

37 

35 

35 

34 

33 

32 

27 

27 

27 

NOV 

2.84 

83 

64 

56 

51 

44 

38 

29 

22 

13 

2 

0 

0 

DEC 

2.69 

84 

64 

56 

51 

45 

37 

31 

24 

16 

2 

0 

0 

SOLAR  RADIATION  DATA 

fori 

BUTTE, MONTANA 

1979 

DAILY  AVERAGE 

PER  ( 

CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

3.63 

89 

74 

46 

58 

51 

46 

40 

34 

24 

4 

0 

0 

FEB 

3.37 

93 

77 

47 

57 

48 

40 

30 

23 

17 

10 

2 

0 

NAR 

4.56 

93 

78 

45 

58 

51 

44 

39 

32 

26 

15 

0 

0 

APR 

(3.96) 

94 

85 

71 

57 

43 

31 

22 

14 

9 

1 

0 

0 

MAY 

(4.22) 

92 

80 

49 

57 

49 

41 

30 

19 

7 

0 

0 

0 

JUN 

4.22 

91 

84 

74 

63 

54 

41 

26 

12 

2 

0 

0 

0 

JUL 

(4.57) 

93 

87 

81 

75 

65 

51 

36 

19 

0 

0 

0 

0 

AUG 

SEP 

(6.01) 

98 

95 

90 

85 

78 

70 

62 

51 

33 

3 

0 

0 

OCT 

3.87 

89 

78 

71 

63 

57 

51 

39 

30 

18 

3 

0 

0 

NOV 

3.91 

89 

79 

75 

67 

60 

53 

46 

34 

21 

2 

0 

0 

DEC 

2.69 

88 

74 

47 

58 

49 

39 

32 

19 

9 

1 

0 

0 

26 


SOLAR  RADIATION  DATA  fors  BUTTE, HOMTANA  1980 


Hontana  Oepartnent  of  Naloral  Resources  and  Conservation 
cortpiled  by:  FowlRes  Engineering,  Bozenan,  Mt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

HONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.? 

>.8 

>.9 

>1 .0 

>1 . 1 

>1.2 

JAN 

3.25 

91 

81 

71 

64 

54 

47 

35 

26 

15 

5 

0 

0 

FEB 

3.22 

92 

76 

64 

56 

45 

34 

25 

19 

13 

4 

0 

0 

MAR 

3.49 

95 

82 

62 

50 

39 

31 

22 

15 

9 

3 

0 

0 

APR 

4.62 

95 

85 

74 

65 

57 

47 

38 

29 

17 

3 

0 

0 

NAY 

3.80 

87 

75 

62 

54 

47 

36 

26 

17 

7 

1 

0 

0 

JUM 

3.74 

92 

81 

69 

56 

45 

37 

24 

11 

1 

0 

0 

0 

JUL 

(4.92) 

94 

90 

83 

76 

67 

55 

41 

21 

1 

0 

0 

0 

AU6 

(5.03) 

94 

90 

84 

77 

70 

60 

48 

36 

16 

0 

0 

0 

SEP 

4.37 

90 

81 

74 

67 

60 

49 

38 

31 

19 

3 

0 

0 

OCT 

(A. 67) 

91 

83 

75 

70 

64 

57 

49 

40 

28 

6 

0 

0 

NOV 

3.19 

90 

81 

71 

64 

52 

45 

38 

27 

13 

3 

0 

0 

DEC 

2,33 

74 

64 

54 

47 

38 

27 

19 

13 

6 

0 

0 

0 

SOLAR  RADIATION  DATA  for;  BUTTE, MONTANA  1981 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KO/SN) 

MONTH 

KUH/SM/DAY  > 

.1 

>.2  > 

.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9  : 

>1  .0 

>1.1  >1 

.2 

JAN 

3.51 

89 

77 

69 

62 

56 

46 

37 

29 

16 

1 

0 

0 

FEB 

(3.70) 

91 

78 

68 

60 

54 

48 

39 

29 

20 

1 1 

1 

0 

MAR 

4.82 

91 

78 

71 

65 

59 

52 

46 

38 

29 

17 

0 

0 

APR 

4.40 

91 

81 

72 

61 

54 

44 

37 

27 

17 

7 

1 

0 

NAY 

3.55 

87 

67 

56 

47 

43 

32 

23 

14 

4 

1 

0 

0 

JON 

(4.02) 

91 

78 

63 

52 

43 

32 

20 

14 

3 

1 

0 

0 

JUL 

AUG 

SEP 

(4.32) 

94 

82 

74 

63 

56 

50 

40 

30 

20 

2 

2 

0 

OCT 

3.62 

91 

79 

70 

63 

53 

46 

35 

27 

18 

7 

0 

0 

NOV 

(3.45) 

82 

73 

66 

61 

56 

50 

42 

33 

23 

4 

0 

0 

DEC 

2.24 

84 

71 

59 

48 

37 

29 

21 

12 

7 

1 

0 

0 

SOLAR  RADIATION 

DATA  for 

% m 

• 

BUTTE, MONTANA 

1982 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

JAN 

2.26 

81 

63 

FEB 

3.88 

94 

83 

NAR 

(3.48) 

92 

80 

APR 

4.80 

95 

87 

MAY 

(3.82) 

90 

75 

JUN 

(3.92) 

91 

81 

JUL 

(4.33) 

94 

86 

AUG 

(4.93) 

96 

91 

SEP 

4.39 

90 

76 

OCT 

(3.77) 

89 

76 

NOV 

2.81 

89 

74 

DEC 

(2.40) 

83 

70 

.3  : 

>.4  >.5 

>.6  : 

>.7  ; 

>.8  : 

>.9 

>1 .0 

>1.1 

>1 .2 

56 

46 

36 

29 

24 

17 

12 

6 

0 

0 

73 

64 

56 

48 

37 

27 

17 

7 

1 

0 

70 

55 

44 

34 

27 

20 

12 

4 

0 

0 

79 

71 

62 

54 

45 

33 

19 

7 

0 

0 

66 

55 

45 

37 

26 

18 

2 

0 

0 

0 

70‘ 

59 

48 

35 

22 

7 

0 

0 

0 

0 

76 

66 

52 

42 

27 

13 

1 

0 

0 

0 

85 

77 

69 

60 

49 

37 

14 

1 

0 

0 

69 

63 

57 

49 

41 

31 

19 

1 

0 

0 

67 

61 

54 

48 

41 

32 

24 

12 

0 

0 

66 

56 

47 

37 

27 

18 

9 

1 

0 

0 

59 

50 

43 

36 

24 

11 

2 

0 

0 

0 

27 


CHOTEAU  NOT  INSTRUl-IENTED  IN  1977 


MONTH 


SOLAR  RADIATION  DATA  for:  CHOTEAU, MONTANA  1978 


DAILY  AVERAGE 
KUH/SM/DAY 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 
>.1  >.2  >.3  >.4  >.5  >.6  >.?  >.8  >.9  >1.0  >1.1  >1.2 


JAN 

FEB 


MAR 

<3.97) 

86 

71 

63 

55 

50 

46 

40 

32 

23 

13 

3 

0 

APR 

(4.24) 

92 

74 

62 

53 

47 

41 

35 

30 

23 

12 

2 

0 

MAY 

<4.00) 

89 

73 

63 

53 

46 

40 

33 

27 

15 

2 

0 

0 

JUN 

4.90 

95 

88 

79 

71 

63 

53 

41 

24 

5 

1 

0 

0 

JUL 

4.54 

92 

80 

73 

66 

58 

51 

42 

25 

5 

0 

0 

0 

AUG 

<4.91) 

94 

83 

76 

68 

62 

53 

43 

33 

12 

2 

0 

0 

SEP 

<4.29) 

BO 

72 

67 

62 

55 

50 

41 

32 

18 

1 

0 

0 

OCT 

4.58 

93 

84 

78 

71 

63 

54 

42 

31 

17 

1 

0 

0 

NOV 

<2.48) 

74 

54 

50 

44 

37 

34 

28 

22 

10 

0 

0 

0 

DEC 

2.63 

87 

68 

61 

54 

47 

37 

29 

22 

4 

0 

0 

0 

SOLAR  RADIATION 

DATA  for; 

CHOTEAU, 

MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

<KU/SM) 

MONTH 

KWH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1 .2 

JAN 

<3.24) 

89 

70 

60 

54 

48 

42 

33 

26 

16 

1 

0 

0 

FEB 

3.50 

94 

79 

67 

57 

49 

42 

35 

27 

14 

5 

0 

0 

MAR 

<4.65) 

96 

86 

79 

71 

63 

53 

45 

35 

25 

13 

0 

0 

APR 

4.43 

93 

84 

73 

62 

52 

44 

35 

26 

15 

5 

0 

0 

MAY 

4.28 

92 

80 

69 

58 

46 

38 

28 

17 

4 

0 

0 

0 

JUN 

4.62 

94 

86 

75 

63 

51 

40 

28 

14 

1 

0 

0 

0 

JUL 

<5.17) 

95 

90 

63 

75 

65 

55 

41 

26 

1 

0 

0 

0 

AUG 

<4.77) 

92 

85 

80 

73 

65 

55 

44 

31 

12 

0 

0 

0 

SEP 

5.76 

98 

95 

89 

83 

76 

68 

59 

47 

26 

1 

0 

0 

OCT 

<4.45) 

92 

85 

79 

72 

64 

56 

45 

35 

24 

5 

0 

0 

NOV 

3.94 

90 

82 

77 

72 

62 

54 

45 

35 

22 

0 

0 

0 

DEC 

<2.96) 

87 

78 

70 

63 

55 

46 

34 

23 

6 

0 

0 

0 

i 


28 


SOLAR  RADIATION  BATA  fort  CHOTEAO, MONTANA  1980 


Montana  Department  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Ensineering,  Bozeman,  Mt. 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  > 

.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

3.15 

86 

76 

69 

61 

53 

45 

35 

23 

10 

0 

0 

0 

FEB 

<2.97) 

86 

71 

57 

49 

41 

32 

25 

19 

13 

3 

1 

0 

MAR 

(4.26) 

94 

81 

70 

62 

53 

46 

37 

31 

20 

7 

1 

0 

APR 

5.23 

95 

88 

78 

71 

64 

54 

44 

33 

19 

5 

0 

0 

HAY 

4.40 

90 

81 

72 

64 

55 

45 

34 

20 

5 

1 

0 

0 

JUN 

4.55 

93 

83 

76 

68 

56 

44 

31 

18 

1 

0 

0 

0 

JUL 

(5.16) 

95 

89 

83 

76 

68 

55 

40 

21 

1 

0 

0 

0 

AUG 

(4.70) 

91 

84 

80 

72 

65 

54 

43 

31 

18 

1 

0 

0 

SEP 

4.29 

90 

79 

74 

67 

61 

52 

44 

34 

19 

2 

0 

0 

OCT 

4.36 

90 

81 

75 

69 

63 

56 

45 

35 

22 

2 

0 

0 

NOV 

3.09 

84 

74 

67 

63 

56 

48 

36 

23 

7 

1 

0 

0 

DEC 

1.32 

49 

39 

33 

27 

21 

17 

10 

6 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for: 

CHOTEAU, 

MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

> .6  '■ 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

3.70 

89 

81 

76 

71 

64 

57 

47 

33 

15 

0 

0 

0 

FEB 

3,74 

87 

78 

67 

59 

54 

47 

40 

31 

25 

10 

1 

0 

MAR 

5.09 

96 

85 

75 

68 

61 

57 

49 

39 

29 

14 

1 

0 

APR 

5.32 

96 

89 

82 

73 

64 

54 

45 

34 

23 

8 

1 

0 

MAY 

(4.09) 

91 

77 

66 

56 

47 

39 

30 

18 

4 

0 

0 

0 

JUN 

4.82 

94 

84 

74 

64 

53 

45 

34 

17 

1 

0 

0 

0 

JUL 

4.90 

93 

87 

80 

72 

64 

51 

36 

17 

1 

0 

0 

0 

AUG 

(5.36) 

95 

90 

84 

79 

70 

60 

48 

29 

3 

0 

0 

0 

SEP 

5.62 

96 

91 

86 

79 

72 

64 

55 

43 

25 

3 

0 

0 

OCT 

3.65 

89 

74 

66 

58 

51 

44 

35 

25 

13 

3 

0 

0 

NOV 

3.39 

85 

74 

68 

61 

55 

48 

40 

27 

n 

0 

0 

0 

DEC 

3.09 

85 

77 

69 

64 

56 

48 

37 

24 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for: 

CHOTEAU, 

.MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

2.30 

81 

59 

53 

47 

39 

32 

23 

17 

4 

0 

0 

0 

FEB 

3.69 

92 

82 

70 

62 

54 

46 

35 

27 

14 

1 

0 

0 

HAR 

4.00 

92 

78 

70 

61 

52 

43 

35 

24 

16 

4 

0 

0 

APR 

4.76 

95 

87 

77 

68 

59 

51 

44 

33 

1 8 

1 

0 

0 

MAY 

4.17 

87 

70 

62 

56 

49 

40 

32 

21 

6 

0 

0 

0 

JUN 

4.32 

91 

81 

72 

59 

51 

40 

29 

14 

1 

0 

0 

0 

JUL 

5.11 

95 

89 

83 

75 

67 

55 

41 

22 

1 

0 

0 

0 

AUG 

5.09 

94 

86 

80 

73 

65 

55 

45 

33 

9 

0 

0 

0 

SEP 

4.28 

87 

74 

66 

61 

54 

47 

37 

27 

14 

0 

0 

0 

OCT 

4.19 

90 

82 

76 

68 

62 

54 

43 

30 

18 

1 

0 

0 

NOV 

(2.93) 

81 

68 

62 

55 

47 

39 

31 

22 

6 

0 

0 

0 

DEC 

2.40 

80 

70 

61 

52 

40 

31 

21 

10 

0 

0 

0 

0 

29 


SOLAR  RADIATION  DATA  for*  COLSTRIP,HONTANA  \977 

Honttna  Dopartnent  of  Natural  Resources  and  Conservation 
coRpiled  by*  FowlRet  Enfineerins,  Bozetian,  Nt. 


MONTH 


DAILY  AVERAGE 
KUH/SN/DAY 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


>.l  >.2 


JAN 


FED 

(4.31) 

91 

81 

HAR 

4.68 

92 

81 

APR 

(5.52) 

96 

90 

HAY 

(4.70) 

91 

80 

JUN 

(5.17) 

94 

90 

JUL 

AU8 

SEP 

OCT 

NOV 

DEC 


.3 

>.4 

>.5 

!> . 6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 . 

74 

66 

60 

53 

44 

40 

27 

11 

0 

0 

75 

67 

61 

53 

42 

32 

24 

It 

1 

0 

84 

77 

69 

41 

51 

38 

22 

1 

0 

0 

73 

66 

58 

51 

38 

24 

6 

1 

0 

0 

86 

79 

68 

51 

36 

9 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for;  COLSTRIP, MONTANA  1978 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

> . 6 . 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

FEB 

MAR 

(4.94) 

95 

88 

78 

68 

62 

55 

48 

39 

26 

8 

0 

0 

APR 

4.25 

86 

73 

66 

57 

50 

44 

36 

26 

17 

3 

0 

0 

MAY 

(4.05) 

12 

71 

62 

55 

50 

44 

34 

20 

2 

0 

0 

0 

JUN 

4.70 

93 

86 

78 

71 

64 

55 

41 

18 

3 

0 

0 

0 

JUL 

(4.56) 

92 

83 

73 

66 

57 

50 

38 

20 

1 

0 

0 

0 

AUG 

5.16 

93 

88 

82 

75 

68 

60 

50 

34 

11 

0 

0 

0 

SEP 

(5.84) 

97 

94 

91 

86 

79 

71 

61 

45 

28 

3 

0 

0 

OCT 

4.96 

92 

87 

82 

76 

70 

61 

52 

39 

28 

5 

0 

0 

NOV 

(3.54) 

88 

75 

61 

53 

44 

40 

32 

26 

17 

4 

0 

0 

DEC 

(2.53) 

89 

69 

56 

45 

36 

31 

21 

18 

10 

2 

0 

0 

SOLAR  RADIATION 

DATA 

for 

'!  COLSTRIP, 

MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

:> . 7 

>.8 

>.9 

>1  .0 

>1.1 

>1  .2 

JAN 

FEB 

(3.84) 

92 

82 

47 

58 

49 

42 

36 

27 

18 

10 

1 

0 

NAR 

(4.30) 

91 

81 

70 

62 

53 

46 

39 

30 

17 

6 

1 

0 

APR 

(3.66) 

87 

75 

42 

52 

44 

33 

23 

14 

*7 

/ 

0 

0 

0 

HAY 

(3.18) 

87 

65 

54 

48 

35 

23 

15 

2 

0 

0 

0 

0 

JUN 

(4.19) 

93 

84 

77' 

65 

56 

43 

24 

6 

0 

0 

0 

0 

JUL 

(4.85) 

96 

87 

81 

75 

64 

58 

35 

0 

0 

0 

0 

0 

AUG 

(4.22) 

95 

84 

74 

59 

53 

41 

26 

15 

4 

0 

0 

0 

SEP 

(5.24) 

98 

93 

84 

70 

63 

52 

43 

25 

*7 

0 

0 

0 

OCT 

(4.82) 

96 

91 

66 

80 

75 

70 

58 

29 

17 

6 

0 

0 

NOV 

(2.66) 

84 

70 

61 

49 

41 

23 

12 

4 

0 

0 

0 

0 

DEC 

(2.93) 

91 

79 

66 

58 

48 

39 

29 

14 

3 

0 

0 

0 

30 


SOLAR  RADIATIOM  DATA  for:  COLSTRIP , MONTANA  1980 

Montana  Departnent  of  Natural  Resources  and  Conservation 
conpiled  by;  Fowlkes  Ensineering,  Boze«an„  Mt. 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KM/SM) 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUH 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

2.85 

84 

73 

67 

56 

46 

38 

25 

(2.79) 

78 

61 

53 

45 

38 

31 

25 

4.15 

90 

78 

68 

59 

50 

41 

32 

(4.83) 

93 

83 

74 

65 

58 

52 

43 

4.54 

93 

84 

74 

66 

56 

44 

32 

4.96 

93 

86 

81 

76 

66 

54 

38 

(5.28) 

94 

89 

84 

77 

71 

60 

44 

(6.36) 

98 

94 

91 

82 

82 

74 

68 

(4.92) 

92 

84 

79 

72 

64 

57 

47 

4.65 

87 

83 

77 

71 

65 

59 

49 

3.05 

82 

73 

63 

55 

45 

37 

28 

(1.98) 

79 

58 

46 

38 

30 

21 

13 

11  1 
14  7 

23  15 


34 

18 

17 

23 


21 

2 

1 

1 


50  36 

36  21 


40 

20 

8 


26 

9 

3 


0 

3 

7 

1 

0 

0 

0 

0 

3 

3 

0 

0 


0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


SOLAR  RADIATION  DATA  for;  COLSTRIP, MONTANA  1981 


DAILY  AVERAGE 
KUH/SM/DAY 

(4,20) 

4.20 

5.55 

4.76 

(3.85) 

4.62 

4.90 

(5.56) 

5.66 

(3.79) 

3.88 

3.15 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


.1 

>.2 

>.3 

>.4 

>.5 

> , 6 

>.7 

>.8 

93 

82 

76 

68 

64 

55 

48 

39 

94 

83 

75 

67 

61 

55 

47 

34 

96 

91 

84 

77 

71 

64 

55 

46 

94 

84 

75 

65 

56 

47 

38 

29 

82 

72 

59 

51 

45 

34 

23 

12 

93 

86 

79 

68 

60 

49 

36 

18 

92 

85 

78 

71 

63 

54 

40 

19 

96 

93 

90 

85 

77 

66 

53 

35 

94 

92 

89 

84 

77 

70 

59 

44 

83 

70 

63 

56 

52 

45 

38 

26 

89 

78 

73 

67 

59 

52 

43 

31 

91 

78 

71 

61 

51 

42 

34 

24 

22 

25 

36 

16 

2 

0 

7 


15 

4 


0 

11 

15 

4 

0 

0 

0 

0 

0 

2 

0 

0 


0 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


SOLAR  RADIATION  DATA  for;  COLSTRIP, MONTANA  1982 
fl  Y AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

> .6 

>.7 

^8 

>.9 

JAN 

2.82 

88 

69 

60 

52 

44 

36 

27 

18 

5 

FEB 

MAR 

4.1 7 
(3.87) 

68 

90 

78 

76 

72 

64 

65 

55 

59 

47 

54 

39 

46 

32 

34 

24 

24 

14 

APR 

(4.54) 

91 

83 

71 

61 

53 

47 

37 

27 

12 

MAY 

(3.56) 

85 

63 

53 

47 

38 

29 

20 

10 

JUN 

• 

JtJL 

AUG 

SEP 

OPT 

(3.62) 

88 

76 

67 

57 

52 

41 

34 

26 

17 

NOV 

DEC 

3.06 

2.06 

85 

78 

73 

58 

66 

48 

58 

39 

48 

30 

37 

23 

29 

16 

18 

7 

5 

0 

0 

4 

3 

1 

0 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 


6 

0 

0 


0 

0 

0 


0 

0 

0 


31 


SOLAR  RADIATION  DATA  for:  DILLON, MONTANA  1977 

Honiana  DepartAvni  of  Natural  Retources  and  Conservation 
coMpilsd  byt  Fowlkea  Enfineering,  Bozaftan,  Ht. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SH/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1  >1 

.2 

JAN 

(4.48) 

97 

90 

84 

74 

70 

14 

55 

40 

25 

9 

0 

0 

FEB 

(4.25) 

95 

86 

78 

71 

62 

51 

43 

32 

21 

10 

1 

0 

NAR 

(3.94) 

91 

79 

19 

59 

50 

42 

33 

24 

15 

1 

1 

0 

AFR 

(5.41) 

97 

9t 

85 

76 

69 

10 

52 

43 

22 

5 

1 

0 

MAY 

(3.74) 

S6 

76 

17 

53 

45 

35 

21 

16 

6 

4 

3 

3 

JUN 

4.57 

92 

81 

72 

63 

58 

50 

38 

21 

n 

0 

0 

0 

JUL 

(5.01) 

91 

84 

79 

72 

64 

56 

46 

32 

4 

0 

0 

0 

AU6 

(4.17) 

86 

72 

17 

62 

57 

47 

39 

28 

7 

2 

0 

0 

SEP 

4.91 

94 

86 

80 

73 

64 

57 

49 

38 

24 

2 

0 

0 

OCT 

(4.87) 

95 

88 

81 

75 

67 

57 

45 

33 

21 

7 

0 

0 

NOV 

3.06 

91 

74 

62 

54 

41 

38 

30 

22 

13 

3 

0 

0 

DEC 

(2.04) 

73 

57 

50 

42 

34 

27 

17 

8 

2 

0 

0 

0 

SOLAR  RADIATION 

DATA  for: 

DILLON, MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1  >1 

.2 

JAN 

(2.39) 

83 

67 

53 

45 

31 

32 

22 

17 

8 

1 

0 

0 

FEB 

4.37 

91 

79 

73 

68 

62 

56 

48 

40 

29 

19 

1 

0 

NAR 

(5.35) 

96 

92 

84 

79 

72 

14 

56 

45 

34 

17 

1 

0 

APR 

(4.64) 

94 

84 

73 

62 

52 

45 

38 

31 

23 

8 

0 

0 

NAY 

3.87 

91 

81 

68 

51 

43 

35 

24 

14 

5 

1 

0 

0 

JUN 

5.13 

94 

90 

82 

75 

67 

55 

42 

22 

3 

0 

0 

0 

JUL 

(4.71 ) 

94 

88 

80 

69 

60 

49 

37 

21 

1 

0 

0 

0 

AUG 

(4.72) 

95 

88 

81 

68 

61 

51 

38 

23 

9 

0 

0 

0 

SEP 

(5.38) 

96 

92 

83 

77 

71 

15 

56 

41 

30 

1 1 

1 

0 

OCT 

5.92 

98 

96 

91 

86 

80 

72 

63 

51 

35 

14 

0 

0 

NOV 

(3.78) 

88 

76 

18 

61 

57 

51 

43 

31 

26 

13 

0 

0 

DEC 

3.34 

91 

77 

19 

65 

60 

54 

44 

36 

24 

6 

0 

0 

SOLAR  RADIATION  DATA  fors  DILLON, MONTANA  1979 
DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KWH/SM/DAY 

>.1 

CM 

• 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  : 

>.9 

>1,0  :: 

>1.1  : 

>1 .2 

JAN 

(3.83) 

92 

77 

70 

62 

58 

49 

43 

34 

21 

9 

0 

0 

FEB 

3.69 

95 

85 

71 

60 

50 

42 

32 

24 

13 

6 

0 

0 

MAR 

(4.90) 

96 

87 

75 

65 

56 

50 

41 

34 

23 

8 

0 

0 

APR 

4.94 

94 

86 

77 

69 

58 

51 

40 

30 

19 

4 

1 

0 

MAY 

(4.72) 

94 

85 

72 

64 

55 

44 

33 

21 

7 

0 

0 

0 

JUN 

(4.62) 

93 

86 

75* 

65 

54 

40 

27 

16 

p 

0 

0 

0 

JUL 

(5.31 ) 

94 

87 

81 

74 

67 

58 

47 

32 

3 

0 

0 

0 

AUG 

5.19 

93 

85 

79 

74 

68 

60 

50 

37 

17 

4 

0 

0 

SEP 

6.31 

97 

95 

92 

87 

81 

74 

66 

55 

35 

3 

0 

0 

OCT 

(4.83) 

94 

88 

82 

75 

61 

59 

50 

40 

29 

8 

1 

0 

NOV 

(4.52) 

94 

85 

77 

68 

64 

56 

48 

36 

25 

5 

0 

0 

DEC 

3.30 

93 

83 

73 

66 

59 

50 

39 

24 

5 

0 

0 

0 

32 


SOLAR  RADIATION  DATA  for!  DILLON, HONTAWA  1980 


Montana  Departnent  of  Natural  Resources  and  Conservation 


compiled  by! 

DAILY  AVERAGE 

Fowlkes  Engineering,  BozeMan,  Mt. 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2  > 

.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1 .0  >1.1 

>1.2 

JAN 

3.36 

91 

79 

67 

59 

52 

46 

39 

28 

18 

6 0 

0 

FEB 

3.89 

93 

83 

76 

69 

59 

51 

39 

29 

18 

7 1 

0 

HAR 

4.17 

96 

87 

74 

59 

49 

41 

32 

23 

14 

4 0 

0 

APR 

5.08 

93 

87 

80 

73 

64 

56 

48 

38 

22 

3 0 

0 

HAT 

4.31 

92 

80 

69 

60 

49 

41 

32 

22 

5 

0 0 

0 

JUN 

(4.57) 

93 

84 

74 

63 

52 

43 

31 

19 

1 

0 0 

0 

JUL 

5.38 

95 

89 

84 

77 

69 

60 

47 

31 

4 

0 0 

0 

AU6 

(5.57) 

97 

92 

86 

80 

72 

62 

51 

35 

12 

0 0 

0 

SEP 

4.85 

93 

87 

80 

75 

64 

54 

47 

36 

23 

3 1 

0 

OCT 

(4.58) 

88 

80 

75 

72 

64 

56 

46 

35 

17 

1 0 

0 

NOV 

3.19 

90 

77 

68 

56 

48 

41 

32 

23 

14 

3 0 

0 

DEC 

(2.60) 

88 

76 

67 

58 

50 

35 

27 

17 

2 

0 0 

0 

SOLAR  RADIATION  DATA  for: 

DAILY  AVERAGE  PER  CENT 

DILLON, MONTANA  1981 

TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2  > 

.3 

>.4 

>.5 

>.6  : 

>.7 

>.8  : 

>.9 

>1.0  >1.1 

>1 .2 

JAN 

3.76 

87 

77 

71 

65 

57 

50 

42 

33 

22 

1 0 

0 

FEB 

4.55 

96 

88 

79 

71 

61 

56 

48 

38 

28 

20  5 

1 

NAR 

5.18 

93 

82 

73 

67 

62 

56 

51 

42 

33 

21  2 

0 

APR 

5.17 

95 

86 

76 

68 

60 

51 

44 

35 

28 

15  5 

0 

MAI 

(4.00) 

92 

79 

66 

54 

42 

30 

22 

11 

4 

0 0 

0 

JUN 

4.77 

94 

84 

76 

66 

55 

44 

35 

19 

2 

0 0 

0 

JUL 

5.59 

95 

92 

87 

81 

74 

64 

50 

31 

1 

0 0 

0 

AUG 

5.49 

96 

91 

85 

80 

73 

63 

52 

36 

8 

0 0 

0 

SEP 

5.17 

95 

89 

80 

72 

65 

56 

45 

35 

18 

1 0 

0 

OCT 

4.09 

91 

81 

70 

62 

56 

48 

40 

31 

21 

3 0 

0 

NOV 

(5.00) 

92 

85 

83 

79 

74 

67 

58 

46 

31 

4 0 

0 

DEC 

(2.46) 

86 

68 

56 

47 

41 

33 

22 

13 

6 

0 0 

0 

SOLAR  RADIATION  DATA  fors 

DAILY  AVERAGE  PER  CENT 

DILLON, MONTANA  1982 

TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2  ) 

► .3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0  >1.1 

>1  .2 

JAN 

2.73 

85 

70 

60 

54 

46 

34 

26 

18 

12 

2 0 

0 

FEB 

<.46 

96 

90 

83 

76 

68 

58 

46 

36 

23 

10  0 

0 

HAR 

4.41 

96 

87 

78 

69 

60 

50 

40 

30 

21 

6 0 

0 

APR 

4.97 

95 

88 

78 

68 

59 

49 

40 

28 

15 

3 0 

0 

HAY 

(4.68) 

94 

86 

74 

63 

53 

43 

32 

23 

6 

1 0 

0 

JUN 

4.47 

94 

87 

78. 

. 65 

57 

45 

29 

9 

1 

0 0 

0 

JUL 

5.08 

95 

89 

83 

74 

64 

55 

43 

22 

1 

0 0 

0 

AUG 

5.54 

97 

92 

87 

80 

73 

65 

53 

38 

13 

1 0 

0 

SEP 

(4.76) 

95 

81 

72 

66 

60 

50 

42 

31 

19 

4 0 

0 

OCT 

(3.63) 

88 

72 

65 

56 

48 

41 

33 

25 

12 

5 0 

0 

NOV 

3.08 

92 

70 

60 

53 

45 

36 

27 

18 

8 

2 0 

0 

DEC 

2.93 

89 

72 

67 

59 

51 

40 

31 

20 

4 

0 0 

0 

33 


« 


HTNIS  NOT  INSTRUMENTED  IN  1977 


MONTH 

SOLAR  RADIATION  DATA 

DAILY  AVERAGE  PER  i 

KUH/SM/DAY  >,1  >.2 

for» 

CENT 

>.3 

ENNIS, MONTANA  1978 

TOTAL  ENERGY  ABOVE  THRESHOLD 
>.4  >.5  >.6  >.7  >.8  >.9  >1.0 

(KV/SM) 
>1.1  >1.2 

JAN 

FEB 

(4.90) 

95 

87 

78 

68 

63 

57 

54 

49 

39 

27 

6 

0 

HAR 

5.19 

97 

91 

84 

76 

68 

59 

48 

40 

27 

13 

2 

0 

APR 

(3.92) 

83 

75 

67 

57 

49 

44 

36 

30 

23 

.13 

8 

6 

MAT 

3.94 

87 

77 

64 

54 

43 

35 

24 

17 

7 

1 

1 

1 

JUN 

(3.62) 

75 

69 

63 

57 

51 

44 

37 

27 

12 

9 

9 

9 

JUL 

(1.95) 

54 

53 

51 

49 

46 

41 

35 

25 

22 

21 

21 

21 

AU6 

SEP 

(6.42) 

99 

96 

94 

85 

76 

68 

63 

51 

33 

0 

0 

0 

OCT 

5.34 

96 

91 

84 

79 

75 

66 

58 

48 

33 

5 

0 

0 

NOV 

(2.64) 

87 

58 

46 

41 

37 

32 

26 

21 

14 

3 

1 

0 

BEC 

(2.81 ) 

88 

71 

63 

54 

48 

39 

33 

25 

13 

1 

0 

0 

SOLAR  RADIATION  DATA  fors 

DAILY  AVERAGE  PER  CENT 

ENNIS, MONTANA  1979 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KM/SM) 

MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

3.48 

89 

68 

60 

53 

49 

43 

38 

30 

21 

6 

0 

0 

FEB 

(3.42) 

91 

73 

57 

51 

43 

38 

32 

28 

19 

11 

1 

0 

NAR 

(4.88) 

96 

89 

77 

67 

58 

50 

42 

35 

25 

12 

1 

0 

APR 

(4.10) 

94 

83 

68 

55 

47 

33 

27 

17 

9 

2 

0 

0 

MAT 

4.07 

90 

77 

66 

56 

45 

37 

26 

16 

4 

0 

0 

0 

JUN 

(4.55) 

93 

84 

75' 

65 

57 

46 

35 

17 

1 

0 

0 

0 

JUL 

4.87 

94 

88 

80 

73 

63 

53 

40 

22 

1 

0 

0 

0 

AUG 

(4.59) 

91 

83 

76 

69 

62 

53 

41 

30 

10 

0 

0 

0 

SEP 

(6.10) 

98 

95 

90 

86 

80 

73 

63 

50 

33 

2 

0 

0 

OCT 

4.43 

93 

85 

77 

71 

65 

57 

46 

35 

24 

7 

0 

0 

NOV 

(4.08) 

91 

81 

75 

71 

64 

5? 

50 

38 

27 

7 

1 

0 

DEC 

2.84 

85 

71 

62 

S4 

51 

44 

34 

26 

12 

0 

0 

0 

34 


SOLAR  RADIATION  DATA  for:  ENHIS,MORTARA  1980 


Montana  Dtpartnent  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Bozewan,  Mt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SH) 


MONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

JAN 

(3.35) 

87 

74 

65 

FEB 

3.27 

89 

75 

59 

MAR 

(3.86) 

93 

83 

68 

APR 

(5.31 ) 

96 

91 

84 

MAY 

4.01 

91 

80 

69 

JUN 

4.36 

92 

80 

69 

JUL 

(4.23) 

92 

83 

75 

AUG 

4.63 

92 

84 

76 

SEP 

(4.10) 

90 

80 

72 

OCT 

NOV 

DEC 

SOLAR  RADIATION  DATA  for: 

DAILY  AVERAGE  PER  CENT 

MONTH  KWH/SM/DAY  >.1  >.2  >.3 


.4 

>.5 

>.6 

>.7 

CD 

• 

>.9 

>1 .0 

>1 . 1 

>1.2 

59 

53 

46 

40 

32 

22 

7 

0 

0 

51 

44 

35 

28 

21 

13 

8 

0 

0 

59 

50 

41 

32 

23 

12 

6 

2 

0 

78 

70 

61 

51 

36 

19 

4 

0 

0 

58 

45 

37 

27 

17 

4 

0 

0 

0 

61 

54 

45 

34 

16 

1 

0 

0 

0 

66 

58 

48 

34 

19 

2 

0 

0 

0 

69 

62 

52 

43 

32 

15 

2 

0 

0 

67 

58 

49 

39 

28 

18 

3 

0 

0 

ENNIS, MONTANA  1981 

TOTAL  ENERGY  ABOVE  THRESHOLD  (KM/SH) 
>.A  >.5  >.6  >.7  >.8  >.9  >1.0  >1.1  >1.2 


JAN 

FEB 

HAR 

APR 

MAY 

JIJN 

JUL 

AUG 

SEP 

OCT 

NOV 

BEC 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


(4.65) 

97 

91 

86 

78 

69 

59 

49 

40 

30 

5.09 

95 

87 

79 

71 

66 

58 

48 

42 

31 

4.05 

93 

81 

66 

56 

47 

38 

30 

22 

13 

3.20 

86 

68 

54 

42 

31 

21 

11 

6 

1 

4.04 

91 

80 

67 

58 

47 

39 

29 

10 

1 

4.95 

93 

87 

82 

75 

66 

56 

38 

16 

0 

(4.78) 

93 

87 

81 

74 

66 

57 

45 

29 

9 

4.60 

91 

81 

71 

63 

55 

49 

41 

32 

18 

(3.39) 

85 

73 

64 

57 

49 

42 

31 

22 

14 

3.60 

80 

72 

67 

63 

59 

54 

44 

34 

19 

(2.17) 

85 

62 

47 

39 

31 

23 

18 

10 

5 

SOLAR  RADIATION  DATA  Tors 

ENNIS, MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRES 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

2.05 

79 

58 

49 

40 

32 

26 

21 

13 

7 

3.92 

95 

83 

75 

67 

57 

47 

42 

33 

24 

3.40 

91 

78 

63 

50 

43 

36 

30 

23 

17 

(4.40) 

93 

82 

67 

58 

50 

45 

39 

27 

16 

4.00 

94 

84 

71 

58 

46 

33 

22 

11 

1 

(4.30) 

92 

82 

73L 

61 

51 

37 

24 

13 

1 

4.53 

93 

84 

75 

68 

58 

45 

33 

20 

4 

(4.80) 

94 

87 

79 

69 

60 

50 

42 

29 

10 

4.29 

89 

79 

70 

60 

54 

46 

38 

30 

1 6 

3.43 

86 

71 

63 

54 

46 

41 

34 

26 

15 

2.76 

86 

70 

57 

49 

40 

34 

27 

17 

6 

(1.83) 

72 

49 

38 

32 

29 

23 

21 

13 

3 

17  A 1 

20  2 0 

5 3 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 0 

2 1 0 

1 0 0 

0 0 0 


HOLD  (KW/SM) 

>1 .0  >1.1  >1.2 

3 0 0 

8 0 0 

7 0 0 

8 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 0 

2 0 0 

3 0 0 

0 0 0 

0 0 0 


35 


PORT  BENTON  NOT  INSTRUMENTED  IN  1977 


SOLAR  RADIATIOM  DATA  for:  FORT  BENTON , MONTANA  1978 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.B 

>.9 

X.O 

>1.1 

>1 

JAN 

FEB 

(3.88) 

94 

82 

77 

66 

57 

51 

45 

31 

20 

6 

0 

0 

MAR 

(4.25) 

95 

84 

73 

62 

55 

49 

41 

30 

18 

8 

0 

0 

APR 

(3.62) 

90 

69 

59 

53 

47 

37 

28 

17 

11 

3 

0 

0 

NAY 

3.52 

84 

70 

80 

51 

41 

32 

26 

16 

5 

0 

0 

0 

JUN 

(4.82) 

93 

87 

81 

73 

62 

52 

40 

13 

1 

0 

0 

0 

JUL 

(5.51) 

95 

91 

82 

78 

70 

63 

49 

34 

3 

0 

0 

0 

AUG 

5.14 

94 

87 

79 

73 

66 

59 

46 

32 

11 

1 

0 

0 

SEP 

2.53 

57 

54 

50 

47 

43 

39 

35 

31 

24 

16 

16 

16 

OCT 

(4.25) 

90 

83 

77 

70 

62 

55 

44 

33 

18 

2 

0 

0 

NOV 

(2.82) 

80 

66 

52 

45 

39 

34 

28 

20 

6 

0 

0 

0 

BEC 

(1.77) 

85 

71 

54 

47 

37 

26 

9 

0 

0 

0 

0 

0 

SOLAR  RADIATION  DATA 

for: 

FORT 

BENTON, 

MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  1 

FHRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.; 

JAN 

2.70 

89 

73 

04 

56 

50 

41 

30 

0 

0 

0 

0 

0 

FEB 

(3.15) 

91 

73 

85 

59 

51 

45 

34 

22 

10 

0 

0 

0 

MAR 

4.21 

93 

83 

70 

60 

51 

45 

38 

30 

19 

3 

0 

0 

APR 

3.80 

89 

73 

85 

57 

50 

41 

32 

22 

9 

1 

0 

0 

NAY 

3.81 

92 

73 

62 

54 

44 

34 

25 

16 

3 

1 

0 

0 

JUN 

4.59 

95 

88 

7/ 

69 

59 

48 

37 

21 

1 

0 

0 

0 

JUL 

(4.66) 

93 

83 

73 

67 

60 

52 

40 

26 

1 

0 

0 

0 

AUG 

(5.05) 

96 

88 

82 

75 

68 

58 

48 

36 

14 

1 

0 

0 

SEP 

5.63 

98 

94 

91 

86 

78 

69 

59 

49 

29 

3 

0 

0 

OCT 

3.88 

88 

81 

75 

68 

61 

51 

42 

33 

17 

0 

0 

0 

NOV 

2.91 

89 

75 

67 

61 

55 

44 

33 

24 

5 

0 

0 

0 

BEC 

2.16 

80 

69 

62 

54 

47 

36 

26 

11 

0 

0 

0 

0 

36 


SOLAR  RADIATION  DATA  for:  FORT  BENTON, MONTANA  1980 

Montana  Oepartneni  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineerln9,  Bozeman,  Mt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SN) 


MONTH 

KWH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5  ; 

►.6 

>.7  :: 

►.8 

>.9 

>1.0 

>1  .1 

>1 

JAN 

(2.43) 

86 

74 

66 

54 

45 

34 

27 

15 

3 

0 

0 

FEB 

(2.86) 

84 

74 

59 

46 

37 

25 

18 

13 

8 

3 

0 

MAR 

3.77 

91 

77 

68 

58 

51 

42 

34 

27 

19 

5 

0 

APR 

4.90 

95 

84 

79 

70 

66 

56 

46 

35 

18 

3 

0 

MAY 

4.48 

93 

83 

76 

67 

56 

46 

37 

20 

0 

0 

0 

JON 

4.68 

93 

84 

78 

70 

61 

49 

33 

17 

3 

0 

0 

JUL 

5.44 

95 

90 

85 

78 

68 

57 

44 

28 

1 

0 

0 

AUG 

4.83 

94 

86 

78 

67 

57 

49 

39 

26 

10 

0 

0 

SEP 

4.36 

92 

81 

73 

65 

58 

49 

40 

31 

18 

2 

0 

OCT 

4.04 

81 

74 

69 

66 

60 

51 

40 

30 

15 

0 

0 

NOV 

(2.46) 

76 

63 

56 

49 

42 

33 

26 

20 

3 

0 

0 

DEC 

1.44 

63 

44 

36 

29 

22 

14 

10 

3 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for: 

FORT  BENTON 

, MONTANA 

1 1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5  > 

. 6 

>.7  > 

.8 

>.9 

>1 .0 

>1.1 

>1 

JAN 

(3.13) 

83 

75 

70 

64 

57 

50 

41 

30 

8 

0 

0 

FEB 

3.47 

93 

78 

71 

64 

54 

47 

38 

28 

17 

3 

0 

MAR 

4.87 

92 

79 

72 

67 

62 

56 

50 

40 

29 

13 

1 

APR 

4.58 

94 

84 

74 

64 

53 

43 

34 

26 

15 

3 

0 

MAY 

3.79 

86 

70 

61 

52 

45 

38 

32 

20 

3 

0 

0 

JUN 

4.49 

91 

82 

73 

65 

54 

40 

27 

11 

1 

0 

0 

JUL 

4.98 

94 

88 

81 

74 

65 

53 

41 

19 

1 

0 

0 

AUG 

4.94 

94 

88 

80 

73 

65 

52 

31 

10 

1 

0 

0 

SEP 

5.22 

95 

88 

82 

77 

70 

59 

50 

37 

18 

0 

0 

OCT 

3.72 

86 

76 

68 

59 

52 

44 

37 

26 

14 

1 

0 

NOV 

3.50 

85 

76 

71 

64 

57 

49 

39 

24 

4 

0 

0 

DEC 

2.59 

82 

71 

64 

57 

51 

45 

34 

16 

1 

0 

0 

SOLAR  RADIATION 

DATA 

for: 

FORT  BENTON 

, MONTANA  1 

982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

<KU/ 

SH) 

MONTH 

KUH/SM/DAY 

>.t 

>.2 

>.3 

>.4 

>.5  ;> 

' . 6 

>.7  ) 

‘.8 

>.9 

>1 .0 

>1.1 

>1 

JAN 

(2.21 ) 

84 

61 

52 

43 

32 

24 

17 

10 

3 

0 

0 

FEB 

3.59 

91 

80 

66 

58 

48 

38 

31 

24 

16 

3 

0 

MAR 

4.33 

93 

79 

72 

63 

54 

46 

37 

28 

19 

5 

0 

APR 

4.02 

94 

84 

75 

65 

55 

48 

40 

32 

20 

4 

0 

MAY 

(4.11) 

82 

68 

61 

55 

47 

39 

32 

19 

3 

0 

0 

JUN 

4.58 

94 

07 

78 

• 

63 

53 

43 

30 

14 

1 

0 

0 

JUL 

(5.28) 

95 

90 

83 

76 

67 

58 

43 

24 

1 

0 

0 

AUG 

5.24 

96 

89 

82 

76 

68 

58 

47 

33 

5 

0 

0 

SEP 

4.64 

89 

78 

72 

65 

57 

51 

42 

31 

18 

0 

0 

OCT 

4.01 

89 

79 

73 

66 

59 

49 

42 

31 

17 

0 

0 

NOV 

2.82 

84 

67 

60 

53 

46 

40 

29 

16 

3 

0 

0 

DEC 

2.36 

76 

63 

57 

51 

41 

33 

20 

9 

0 

0 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


37 


SOLAR  RADIATION  lATA  for*  BLA8GOU, MONTANA  1977 


Montana  Departnont  of  Natural  Resources  and  Conservation 
compiled  by*  Fowlkes  Enfineerin^,  Bozeman,  Ht. 


DAILY  AVERA6E 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1  .2 

JAN 

(3.43) 

93 

77 

69 

62 

56 

46 

35 

22 

11 

0 

0 

0 

FEB 

3.94 

90 

81 

73 

65 

59 

49 

39 

28 

14 

1 

0 

0 

MAR 

4.48 

90 

82 

73 

65 

54 

47 

38 

29 

18 

2 

0 

0 

APR 

5.51 

96 

90 

84 

76 

68 

58 

49 

36 

15 

1 

0 

0 

MAT 

<4.62) 

87 

77 

70 

64 

57 

48 

35 

22 

3 

0 

0 

0 

JUN 

4.54 

93 

84 

73 

66 

58 

45 

31 

12 

1 

0 

0 

0 

JUL 

(4.87) 

94 

88 

80 

71 

63 

51 

40 

20 

1 

0 

0 

0 

AU6 

4.24 

93 

80 

69 

37 

46 

37 

29 

20 

7 

0 

0 

0 

SEP 

3.58 

84 

68 

60 

50 

43 

33 

25 

19 

10 

I 

0 

0 

fCT 

4.27 

91 

84 

78 

71 

61 

52 

41 

30 

15 

1 

0 

0 

NOV 

(3.19) 

88 

77 

67 

56 

49 

40 

32 

20 

5 

0 

0 

0 

DEC 

2.08 

81 

55 

43 

38 

32 

26 

21 

11 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for: 

GLASGOW 

.MONTANA 

19 

78 

DAILY  AVERAGE 

PER  1 

CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(3.25) 

94 

80 

63 

55 

48 

41 

32 

25 

13 

1 

0 

0 

FEB 

3.75 

94 

79 

62 

51 

43 

37 

32 

27 

21 

13 

5 

0 

«AR 

4.45 

95 

85 

71 

60 

53 

44 

38 

30 

20 

6 

0 

0 

APR 

(3.77) 

02 

64 

56 

50 

42 

37 

31 

25 

18 

7 

1 

() 

MAT 

(.28 

90 

77 

64 

56 

49 

40 

31 

20 

c 

vj 

0 

0 

0 

JUN 

(4.95) 

93 

86 

78 

70 

62 

53 

41 

23 

1 

0 

0 

0 

JUL 

(5.09) 

91 

83 

77 

70 

64 

54 

43 

27 

4 

0 

0 

0 

AUG 

(5,08) 

94 

87 

80 

72 

64 

55 

43 

29 

9 

1 

0 

0 

SEP 

(5.07) 

86 

80 

75 

71 

63 

57 

49 

38 

23 

6 

1 

0 

(3CT 

(4.86) 

91 

85 

78 

74 

66 

57 

46 

37 

25 

12 

1 

0 

NOV 

2.94 

86 

66 

57 

52 

45 

39 

33 

26 

17 

9 

1 

1 

DEC 

(2.58) 

92 

64 

56 

51 

46 

42 

35 

26 

15 

8 

5 

5 

SOLAR  RADIATION 

DATA  for* 

GLASGOW, 

MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.0 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

3.51 

96 

87 

77 

68 

57 

49 

37 

24 

7 

0 

0 

0 

FEB 

3.86 

95 

78 

66 

59 

52 

46 

37 

29 

21 

7 

0 

0 

MAR 

5.22 

97 

91 

01 

73 

63 

54 

46 

36 

25 

8 

1 

0 

APR 

(4.16) 

08 

75 

66 

55 

46 

38 

30 

20 

8 

1 

0 

0 

MAT 

4.14 

88 

77 

68 

59 

49 

38 

29 

18 

2 

0 

0 

0 

JUN 

(5.38) 

95 

89 

83 

76 

68 

58 

45 

27 

4 

0 

0 

0 

JUL 

(5.22) 

95 

89 

82 

72 

65 

53 

39 

22 

4 

1 

0 

0 

AU6 

(5.21 ) 

95 

88 

81 

72 

65 

56 

42 

29 

9 

0 

0 

0 

SEP 

(5.73) 

96 

92 

85 

80 

75 

67 

57 

43 

A.  ^ 

1 

0 

0 

OCT 

4.41 

92 

86 

79 

69 

63 

55 

40 

29 

16 

0 

0 

0 

NOV 

2.97 

84 

70 

63 

53 

46 

39 

31 

19 

3 

0 

0 

0 

DEC 

2.49 

82 

69 

63 

54 

45 

36 

23 

8 

0 

0 

0 

0 

i 


38 


SOLAR  RADIATION  BATA  fori  GLASGOW, MONTANA  1980 


Montana  Departnont  of  Natural  Resources  and  Conservation 
conpiled  byi  Fowlkes  Engineering,  Bozenan,  Mt, 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  • 

THRESHOLD 

<K«/SM) 

MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

V 

OD 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(2.95) 

88 

71 

64 

59 

50 

41 

32 

19 

7 

0 

0 

0 

FEB 

3.96 

95 

78 

70 

63 

57 

48 

40 

30 

18 

1 

1 

0 

MAR 

4.41 

96 

87 

77 

67 

58 

47 

35 

25 

14 

2 

0 

0 

APR 

5.40 

95 

88 

78 

70 

64 

57 

46 

35 

17 

0 

0 

0 

MAY 

(5.47) 

94 

88 

81 

73 

66 

56 

44 

29 

7 

0 

0 

0 

JUN 

5.19 

94 

86 

80 

72 

62 

51 

39 

21 

1 

0 

0 

0 

JUL 

(5.44) 

95 

91 

85 

78 

69 

59 

44 

27 

2 

0 

0 

0 

AUG 

4.63 

94 

86 

74 

66 

58 

48 

36 

25 

7 

0 

0 

0 

SEP 

4.40 

94 

85 

77 

68 

58 

47 

35 

26 

13 

0 

0 

0 

OCT 

4.33 

90 

82 

75 

69 

61 

53 

41 

29 

15 

0 

0 

0 

NOV 

(3.22) 

90 

75 

66 

60 

52 

41 

31 

20 

4 

0 

0 

0 

DEC 

(2.19) 

80 

60 

54 

47 

40 

31 

20 

9 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  GLASGOW, MONTANA  1981 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  ; 

>.7 

>.8 

>.9  , 

>1.0 

>1.1 

>1.2 

JAN 

2.95 

84 

68 

62 

56 

49 

44 

35 

26 

12 

0 

0 

0 

FEB 

3.85 

93 

86 

76 

68 

57 

47 

37 

30 

19 

5 

0 

0 

MAR 

5.35 

93 

86 

81 

75 

69 

62 

54 

45 

32 

14 

1 

0 

APR 

(5.08) 

95 

87 

79 

70 

57 

49 

36 

25 

13 

1 

0 

0 

MAY 

4.28 

91 

76 

66 

56 

46 

34 

24 

13 

2 

1 

0 

0 

JON 

(4.82) 

91 

81 

72 

64 

55 

43 

31 

17 

1 

0 

0 

0 

JUL 

5.58 

95 

90 

84 

77 

70 

59 

46 

24 

1 

0 

0 

0 

AUG 

(5.60) 

96 

91 

86 

79 

71 

60 

47 

29 

5 

1 

0 

0 

SEP 

5.35 

92 

87 

81 

75 

68 

60 

51 

38 

14 

1 

0 

0 

OCT 

3.99 

91 

79 

73 

67 

57 

49 

38 

27 

11 

1 

0 

0 

NOV 

3.20 

81 

74 

67 

59 

52 

43 

34 

20 

3 

0 

0 

0 

DEC 

2.29 

83 

70 

59 

49 

39 

31 

24 

12 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  GLASGOW, MONTANA  1982 
DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KW/SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2  > 

JAN 

(1.94) 

85 

58 

FEB 

3.63 

95 

84 

MAR 

(3.88) 

88 

74 

APR 

(3.14) 

93 

76 

MAY 

JUN 

(5.50) 

95 

91 

JUL 

(5.68) 

96 

91 

AUG 

SEP 

(4.53) 

89 

80 

OCT 

4,04 

88 

75 

NOV 

3.10 

89 

78 

DEC 

2.18 

86 

63 

.3 

>.4 

>.5  : 

>.6 

>.7 

>.8  : 

>.9 

>1 .0 

>1.1 

>1.2 

43 

35 

27 

19 

10 

4 

0 

0 

0 

0 

71 

60 

50 

41 

30 

15 

4 

0 

0 

0 

62 

54 

49 

43 

30 

17 

6 

0 

0 

0 

54 

36 

24 

12 

10 

7 

4 

0 

0 

0 

86 

73 

66 

49 

38 

20 

6 

0 

0 

0 

84 

76 

64 

55 

44 

27 

10 

1 

0 

0 

69 

62 

55 

47 

40 

31 

16 

1 

0 

0 

68 

62 

54 

49 

42 

33 

17 

0 

0 

0 

71 

60 

51 

43 

33 

21 

1 

0 

0 

0 

49 

41 

36 

28 

20 

6 

0 

0 

0 

0 

39 


SOLAR  RABIATION  0ATA  for*  GLENBIVE,HONTANA  1977 

Noniana  Departnsnt  of  Natural  Resources  and  Coniervation  0 

conpiied  byi  Fowlkes  Engineering,  Bozeean,  Nt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KW/SH) 


MONTH 

KUH/SN/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9  >1. 

0 >1.1 

>1 .2 

JAN 

<3.28) 

82 

70 

59 

54 

46 

40 

38 

33 

25  1G 

t 0 

0 

FEI 

4.00 

93 

81 

72 

65 

58 

52 

44 

34 

23  ^ 

t 0 

0 

HAR 

4.27 

89 

78 

70 

63 

56 

46 

35 

24 

13  2 

1 0 

0 

APR 

5.31 

96 

90 

82 

72 

64 

57 

49 

38 

18  1 

0 

0 

NAY 

<4.87) 

93 

85 

78 

71 

62 

53 

41 

29 

2 C 

1 0 

0 

JUN 

4.73 

95 

87 

80 

70 

59 

48 

31 

13 

0 fl 

‘ 0 

0 

JUL 

AUG 

(4.21) 

90 

78 

69 

60 

49 

42 

33 

24 

8 0 

0 

0 

SEP 

3.84 

82 

69 

61 

56 

48 

42 

34 

28 

14  1 

0 

0 

OCT 

4.13 

90 

77 

70 

64 

57 

51 

43 

33 

17  1 

0 

0 

NOV 

(3.03) 

91 

78 

69 

62 

50 

41 

31 

22 

8 0 

0 

0 

DEC 

(2.19) 

81 

56 

48 

42 

34 

29 

23 

15 

5 0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

GLENDIVE, 

MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD  (KU/SH) 

MONTH 

KWH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9  >1.0  >1.1 

>1.2 

JAN 

(3.04) 

92 

75 

61 

51 

46 

38 

32 

25 

12  0 

0 

0 

FED 

3.23 

92 

73 

54 

45 

40 

36 

30 

24 

15  4 

0 

0 

MAR 

(4.09) 

93 

77 

63 

57 

49 

44 

32 

23 

15  6 

0 

0 

APR 

3.55 

81 

66 

57 

48 

41 

34 

27 

19 

12  1 

0 

0 

NAY 

3.56 

83 

67 

56 

48 

39 

32 

21 

12 

1 0 

0 

0 

JUN 

(4.71) 

93 

85 

76 

68 

59 

50 

38 

16 

1 0 

0 

0 

JUL 

(4.73) 

93 

86 

78 

70 

60 

49 

35 

15 

1 0 

0 

0 

AUG 

(6.21 ) 

97 

94 

92 

87 

82 

74 

66 

43 

9 0 

0 

0 

SEP 

(5.52) 

95 

91 

86 

81 

75 

66 

54 

3? 

21  2 

0 

0 

OCT 

4.05 

91 

83 

77 

71 

63 

55 

44 

27 

13  0 

0 

0 

NOV 

(2.63) 

81 

57 

49 

46 

37 

32 

24 

16 

8 0 

0 

0 

GEC 


SOLAR  RADIATION  DATA  for;  GLERDIVE, MONTANA  1979 
DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

JAN 

FED 

(3.65) 

97 

87 

MAR 

(4.02) 

96 

86 

APR 

(3.58) 

83 

70 

MAT 

(4.50) 

93 

83 

JUN 

(4.80) 

94 

87 

JUL 

(4.77) 

94 

88 

AUG 

(4.80) 

94 

86 

SEP 

(5.22) 

96 

91 

OCT 

(3.13) 

94 

87 

NOV 

DEC 

.3 

>.4 

>.5 

>.6 

:> . 7 

>.8 

>.9 

>1  .0 

>1.1 

>1 . 

80 

72 

57 

47 

25 

17 

9 

3 

0 

0 

75 

65 

54 

42 

36 

32 

22 

10 

0 

0 

61 

52 

41 

32 

22 

12 

4 

0 

0 

0 

70 

62 

-^j4 

47 

39 

29 

10 

1 

0 

0 

7^ 

68 

58 

48 

38 

22 

2 

0 

0 

0 

80 

73 

62 

51 

37 

21 

1 

0 

0 

0 

77 

70 

60 

52 

39 

26 

9 

0 

0 

0 

86 

81 

73 

66 

54 

41 

21 

0 

0 

0 

67 

51 

43 

34 

13 

13 

0 

0 

0 

0 

40 


SOLAR  RADIATION  DATA  for:  GLENDIVE , MONTANA  1980 


Montana  Departwent  of  Natural  Resources  and  Conservation 
conpiled  by;  Fowlkes  Engineering,  Bozenan,  Mt. 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KW/SM) 


MONTH 

KUH/SM/DAY 

>.l 

CM 

• 

>.3 

>.4 

>.5 

>.6  ) 

■.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(3.47) 

93 

84 

78 

68 

55 

42 

32 

23 

8 

0 

0 

0 

FEB 

(2.93) 

77 

62 

56 

48 

42 

36 

30 

24 

15 

3 

0 

0 

MAR 

(4.67) 

94 

86 

78 

69 

60 

50 

40 

32 

22 

2 

0 

0 

APR 

5.02 

94 

85 

75 

66 

58 

50 

42 

31 

15 

0 

0 

0 

MAY 

5.36 

94 

87 

82 

74 

64 

54 

42 

28 

4 

0 

0 

0 

JUN 

(4.90) 

91 

83 

76 

71 

63 

54 

42 

26 

9 

0 

0 

0 

JUL 

(4.85) 

93 

85 

78 

69 

60 

50 

35 

21 

0 

0 

0 

0 

AUG 

(4.24) 

83 

78 

72 

64 

53 

43 

32 

19 

0 

0 

0 

0 

SEP 

OCT 

(3.45) 

63 

74 

69 

61 

52 

41 

30 

21 

.3 

0 

0 

0 

NOV 

3.12 

87 

78 

73 

65 

57 

46 

36 

23 

0 

0 

0 

DEC 

(1.90) 

74 

56 

49 

42 

33 

26 

18 

It 

0 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

: GLENDIVE, 

MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  ; 

►.7 

>.8 

> . 9 

>1 .0 

>1.1 

>1.2 

JAN 

(2.69) 

76 

63 

56 

50 

47 

41 

36 

23 

9 

0 

0 

0 

FEB 

3.60 

92 

82 

74 

66 

57 

46 

39 

28 

17 

5 

0 

0 

MAR 

(5.00) 

96 

88 

80 

71 

63 

56 

50 

41 

29 

11 

0 

0 

APR 

(5.06) 

96 

89 

81 

73 

63 

54 

45 

34 

20 

3 

0 

0 

MAY 

(5.26) 

96 

91 

83 

72 

67 

60 

42 

31 

3 

0 

0 

0 

JUN 

4.45 

93 

86 

75 

65 

54 

45 

32 

18 

1 

0 

0 

0 

JUL 

4.82 

95 

90 

83 

76 

65 

53 

40 

22 

0 

0 

0 

0 

AU6 

5.26 

97 

93 

87 

80 

71 

60 

48 

29 

1 

0 

0 

0 

SEP 

5.43 

95 

91 

86 

81 

75 

67 

57 

44 

23 

0 

0 

0 

OCT 

4.07 

91 

82 

71 

64 

55 

49 

40 

30 

15 

1 

0 

0 

NOV 

3.22 

71 

60 

54 

48 

45 

39 

35 

26 

10 

0 

0 

0 

DEC 

(2.42) 

81 

65 

56 

51 

44 

35 

27 

15 

1 

0 

0 

0 

SOLAR  RADIATION 

DATA 

foe 

GLENDIVE, 

MONTANA 

198 

n 

A. 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

FEB 

HAR 

(4.41  ) 

96 

88 

65 

48 

44 

39 

34 

28 

22 

0 

0 

0 

APR 

4.61 

90 

79 

71 

63 

56 

47 

39 

26 

9 

3 

0 

0 

MAY 

(3.78) 

82 

69 

54 

46 

39 

31 

24 

16 

9 

0 

0 

0 

JUN 

(4.69) 

89 

83 

77. 

66 

59 

45 

32 

11 

1 

0 

0 

0 

JUL 

(4.68) 

93 

85 

77 

65 

53 

41 

31 

15 

1 

0 

0 

0 

AUG 

(5.37) 

96 

90 

83 

76 

69 

60 

50 

35 

5 

0 

0 

0 

SEP 

4.99 

91 

81 

76 

68 

63 

55 

47 

35 

17 

0 

0 

0 

OCT 

3.92 

79 

71 

65 

59 

54 

45 

37 

28 

18 

3 

0 

0 

NOV 

3.11 

90 

77 

68 

61 

53 

43 

31 

14 

3 

0 

0 

0 

DEC 

2.16 

79 

60 

52 

42 

33 

26 

18 

5 

0 

0 

0 

0 

41 


SOLAR  RADIATION  DATA  for*  GREAT  FALLS, NORTAMA  1977 

Montana  Ooparinent  of  Natural  Rtaourcas  and  Conservation 
conpiled  by*  Fowlkts  Enginearing,  Dozenan,  Hi. 


DAILY  AVERAGE  PER  CEMT  TOTAL  ENERGY  ABOVE  THRESHOLD  (K07SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(1.51) 

74 

49 

34 

29 

18 

to 

0 

0 

0 

0 

0 

0 

FEB 

4.01 

92 

86 

76 

64 

56 

47 

41 

30 

17 

2 

0 

0 

HAR 

4.18 

93 

80 

73 

67 

57 

48 

37 

26 

16 

4 

0 

0 

APR 

5.23 

97 

89 

82 

74 

66 

57 

44 

28 

14 

1 

0 

0 

HAY 

4.34 

91 

78 

67 

38 

49 

37 

31 

20 

4 

1 

0 

0 

JUN 

4.86 

94 

86 

79 

70 

61 

50 

37 

19 

1 

0 

0 

0 

JUL 

5.09 

95 

89 

80 

72 

63 

53 

40 

24 

4 

0 

0 

0 

AOS 

4.42 

91 

79 

67 

60 

52 

46 

36 

26 

11 

1 

0 

0 

SEP 

4.41 

68 

77 

69 

63 

37 

50 

42 

33 

22 

2 

0 

0 

OCT 

4.06 

63 

79 

72 

63 

60 

52 

45 

33 

19 

3 

0 

0 

NOV 

(3.24) 

92 

78 

70 

62 

52 

44 

33 

22 

10 

1 

0 

0 

DEC 

(3.02) 

87 

76 

67 

61 

53 

46 

37 

26 

5 

0 

0 

0 

SOLAR  RADIATION  DATA 

for 

: GREAT 

FALLS, MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SH) 

MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

<3.02) 

90 

67 

58 

53 

49 

44 

36 

27 

15 

3 

0 

0 

FEB 

(3.75) 

93 

83 

72 

63 

54 

48 

41 

34 

27 

13 

3 

1 

HAR 

4.23 

92 

77 

67 

59 

54 

47 

41 

34 

24 

12 

1 

0 

APR 

4.19 

94 

77 

65 

55 

48 

42 

35 

28 

20 

8 

3 

0 

NAY 

4.08 

89 

76 

63 

55 

49 

43 

36 

26 

13 

3 

0 

0 

JUN 

5.01 

93 

87 

80 

73 

66 

57 

46 

29 

6 

1 

0 

0 

JUL 

4.83 

91 

81 

74 

68 

62 

55 

44 

30 

5 

0 

0 

0 

AU6 

<5.20) 

92 

86 

80 

73 

67 

58 

40 

34 

14 

1 

0 

0 

SEP 

4.54 

89 

79 

72 

67 

59 

51 

42 

33 

20 

3 

0 

0 

OCT 

4.40 

90 

84 

75 

67 

61 

53 

46 

36 

23 

2 

0 

0 

NOV 

<3.01 ) 

82 

66 

57 

50 

44 

40 

34 

25 

12 

0 

0 

0 

DEC 

<2.78) 

87 

72 

63 

58 

49 

43 

35 

25 

10 

0 

0 

0 

SOLAR  RADIATION 

DATA  fors 

6REAT  FALLS, 

, MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

<KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

3.32 

91 

70 

66 

58 

52 

44 

35 

26 

14 

1 

0 

0 

FEB 

<3.46) 

91 

76 

67 

58 

48 

43 

36 

26 

16 

6 

1 

0 

HAR 

4.40 

92 

82 

71 

62 

54 

46 

40 

34 

24 

9 

0 

0 

APR 

3.93 

92 

77 

65 

56 

46 

36 

27 

18 

10 

2 

0 

0 

MAY 

4.19 

91 

78 

66 

56 

45 

36 

27 

17 

3 

0 

0 

0 

JUN 

4.74 

93 

84 

76* 

66 

54 

41 

28 

17 

3 

0 

0 

0 

JUL 

5.15 

93 

85 

78 

73 

64 

54 

42 

27 

3 

0 

0 

0 

AUG 

5.43 

95 

88 

84 

78 

70 

62 

51 

38 

14 

1 

0 

0 

SEP 

5.87 

97 

93 

89 

83 

77 

70 

60 

50 

33 

4 

0 

0 

OCT 

4.12 

88 

80 

72 

63 

56 

49 

41 

33 

23 

3 

0 

0 

NOV 

3.69 

87 

77 

73 

68 

62 

55 

44 

35 

14 

0 

0 

0 

DEC 

<2.89) 

92 

82 

73 

61 

4? 

39 

29 

18 

1 

0 

0 

0 

i 


42 


SOLAR  RADIATION  DATA  for:  GREAT  FALLS, HOMTANA  1980 

Montana  Departnent  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Engineering,  Bozenan,  Mt . 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

CM 

• 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

<2.94) 

92 

81 

70 

57 

45 

40 

29 

19 

7 

0 

0 

0 

FEB 

2.87 

81 

61 

50 

45 

36 

32 

27 

16 

9 

3 

0 

0 

MAR 

(4.14) 

93 

79 

68 

60 

52 

44 

34 

27 

19 

7 

0 

0 

APR 

5.15 

95 

87 

76 

71 

63 

56 

45 

35 

18 

2 

0 

0 

MAY 

4.69 

90 

81 

72 

65 

57 

47 

38 

25 

6 

0 

0 

0 

JIJN 

5.04 

94 

86 

79 

72 

64 

52 

36 

19 

4 

0 

0 

0 

JIJL 

5.34 

93 

90 

83 

76 

67 

55 

42 

22 

1 

0 

0 

0 

AUG 

4.74 

94 

84 

74 

66 

57 

48 

38 

25 

10 

0 

0 

0 

SEP 

4.38 

92 

81 

72 

65 

59 

50 

39 

27 

13 

2 

0 

0 

OCT 

4.17 

81 

75 

68 

63 

57 

48 

40 

27 

15 

0 

0 

0 

NOV 

2.89 

81 

70 

62 

53 

47 

37 

28 

19 

4 

0 

0 

0 

DEC 

(1.49) 

55 

40 

33 

26 

18 

13 

10 

5 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  GREAT  FALLS .MONTANA  1981 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

> . 6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1  .2 

JAN 

3.76 

87 

79 

74 

66 

58 

49 

41 

31 

13 

1 

0 

0 

FEB 

3.60 

88 

75 

67 

59 

51 

44 

38 

32 

19 

8 

0 

0 

MAR 

5.27 

93 

83 

76 

67 

63 

58 

52 

45 

33 

20 

0 

0 

APR 

4.70 

95 

81 

72 

63 

58 

46 

40 

31 

19 

6 

0 

0 

MAY 

3.68 

86 

70 

63 

53 

47 

36 

25 

16 

3 

0 

0 

0 

JUN 

4.52 

93 

83 

74 

63 

51 

38 

28 

12 

2 

0 

0 

0 

JUL 

5.05 

95 

88 

82 

73 

66 

55 

42 

20 

1 

0 

0 

0 

AUG 

5.35 

94 

88 

83 

77 

71 

62 

51 

38 

5 

0 

0 

0 

SEP 

5.35 

96 

90 

85 

79 

71 

60 

51 

41 

22 

2 

0 

0 

OCT 

3.71 

89 

76 

71 

62 

54 

44 

33 

25 

14 

2 

0 

0 

NOV 

3.49 

86 

74 

70 

63 

56 

50 

41 

30 

12 

0 

0 

0 

DEC 

(2.83) 

84 

75 

66 

60 

49 

43 

34 

22 

T 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for: 

GREAT 

FALL 

S, MONTANA  1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>,4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1  .2 

JAN 

2.51 

83 

64 

55 

50 

40 

32 

26 

15 

5 

0 

0 

0 

FEB 

3.95 

94 

84 

75 

63 

56 

48 

38 

28 

18 

5 

0 

0 

MAR 

4,13 

89 

78 

70 

61 

52 

42 

34 

27 

18 

6 

0 

0 

APR 

4.59 

93 

83 

71 

60 

55 

48 

41 

31 

15 

1 

0 

0 

HAY 

3.92 

83 

67 

59 

52 

44 

36 

28 

19 

3 

0 

0 

0 

JUN 

4.49 

94 

83 

74. 

63 

54 

45 

28 

12 

1 

0 

0 

0 

JUL 

5.37 

96 

90 

85 

77 

68 

58 

45 

24 

1 

0 

0 

0 

AUG 

5.19 

95 

89 

82 

76 

68 

59 

46 

31 

5 

0 

0 

0 

SEP 

4.51 

88 

78 

70 

64 

57 

52 

43 

32 

15 

1 

0 

0 

OCT 

4.12 

89 

80 

72 

67 

60 

53 

43 

33 

20 

0 

0 

0 

NOV 

2.99 

81 

68 

62 

54 

47 

40 

31 

20 

6 

0 

0 

0 

DEC 

(2.48) 

81 

68 

60 

53 

45 

35 

26 

12 

0 

0 

0 

0 

43 


SOLAR  RA9IATIOH  DATA  fors  HAMILTON, MONTANA  1977 

Montana  DApartnant  of  Natural  Rtsourcsi  and  Conservation 
conpiltd  byi  Fowlkes  Engineering,  Bozenan,  Mt. 


DAILT  AVERAGE  PER  CENT  TOTAL  ENERGT  ABOVE  THRESHOLD  <K«/Sil) 


HONTH 

KUH/8H/DAT 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.B 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

FEB 

AAR 

<3.5A) 

92 

77 

66 

56 

44 

33 

27 

19 

14 

8 

1 

0 

APR 

(5.24) 

96 

85 

79 

73 

64 

55 

46 

35 

24 

8 

1 

0 

MAT 

(3.81) 

92 

76 

40 

48 

37 

29 

23 

15 

8 

1 

0 

0 

JUN 

(4.52) 

93 

82 

72 

63 

53 

44 

32 

14 

0 

0 

0 

0 

JUL 

(4.U) 

93 

02 

73 

62 

49 

41 

29 

12 

1 

0 

0 

0 

AUG 

SEP 

(3.17) 

89 

69 

57 

47 

35 

28 

21 

15 

7 

3 

0 

0 

OCT 

4.13 

92 

80 

72 

64 

58 

50 

37 

27 

17 

3 

0 

0 

NOV 

(2.45) 

83 

62 

53 

47 

39 

34 

29 

18 

12 

1 

0 

0 

DEC 

(1.53) 

65 

44 

30 

26 

22 

19 

15 

10 

1 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  HAMILTON, MONTANA  1978 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

(1.50) 

68 

32 

23 

18 

14 

12 

10 

7 

3 

1 

0 

0 

FEB 

(3.04) 

89 

68 

59 

52 

46 

39 

32 

26 

15 

5 

2 

0 

NAR 

(4.41) 

96 

86 

76 

68 

57 

48 

38 

30 

15 

3 

0 

0 

APR 

(4.16) 

93 

85 

75 

60 

50 

41 

30 

19 

10 

2 

0 

0 

MAT 

(3.10) 

88 

65 

49 

40 

30 

24 

15 

7 

3 

1 

0 

0 

JUN 

JUL 

AU6 

(4.33) 

85 

77 

69 

64 

51 

43 

32 

18 

3 

0 

0 

0 

SEP 

(3.55) 

87 

69 

60 

52 

46 

39 

29 

16 

6 

0 

0 

0 

OCT 

(5.14) 

94 

89 

83 

78 

71 

65 

55 

44 

21 

4 

0 

0 

NOV 

2.18 

70 

48 

44 

36 

32 

26 

17 

12 

3 

0 

0 

0 

DEC 

(2.37) 

80 

60 

51 

42 

37 

31 

25 

17 

4 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  fort  HAMILTON, MONTANA  1979 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(NU/SM) 

MONTH 

KWH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6  ; 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

(3.15) 

85 

72 

63 

55 

49 

43 

37 

27 

10 

0 

0 

0 

FEB 

2.47 

83 

67 

49 

38 

31 

23 

16 

12 

8 

3 

0 

0 

WAR 

4.55 

92 

80 

72 

65 

58 

50 

42 

34 

25 

12 

0 

0 

APR 

3.98 

92 

82 

68 

55 

45 

36 

24 

18 

9 

1 

0 

0 

MAT 

4.65 

94 

83 

72 

61 

51 

41 

33 

24 

12 

0 

0 

0 

JUN 

(4.72) 

90 

82 

73  * 

65 

56 

46 

35 

22 

3 

0 

0 

0 

JUL 

5.01 

92 

86 

80 

72 

65 

53 

41 

25 

3 

0 

0 

0 

AUG 

(6.42) 

96 

93 

90 

85 

80 

71 

59 

45 

10 

0 

0 

0 

SEP 

(5.77) 

98 

94 

90 

84 

77 

69 

58 

46 

26 

1 

0 

0 

OCT 

3.87 

88 

74 

67 

59 

52 

46 

39 

30 

20 

3 

0 

0 

NOV 

(3.30) 

88 

79 

73 

68 

55 

47 

38 

24 

5 

0 

0 

0 

DEC 

1.78 

73 

58 

49 

37 

29 

21 

13 

5 

0 

0 

0 

0 

44 


MONTH 

JAN 

FEB 

HAR 

APR 

NAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTH 

JAN 

FEB 

MAR 

APR 

HAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

lEC 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SOLAR  RADIATION  DATA  fors  HAMILTON , MONTANA  1980 

Montana  Department  of  Natural  Resources  and  Conservation 
compiled  by;  Fowlkes  Ensineering,  Bozeman,  Mt. 


DAILY  AVERAGE 
KUH/SM/DAY 

<2.75) 

2.91 

<3.32) 

4.44 

<4.22) 

4.33 

<4.98) 

<5.07) 

<4,07) 

4.58 

<2.79) 

<2.09) 


DAILY  AVERAGE 
KUH/SM/DAY 

1.49 

<4.16) 

4.76 

4.69 

<3.58) 

4.34 

5.3A 

5.47 

5.05 

3.57 

2.88 

<1.44) 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <K«/SM) 


.1  > 

.2  > 

.3  ) 

.4  > 

.5 

89 

69 

58 

48 

44 

90 

72 

61 

54 

45 

95 

77 

62 

52 

39 

93 

84 

76 

67 

56 

89 

79 

68 

60 

50 

94 

83 

74 

64 

53 

96 

90 

85 

78 

68 

97 

91 

84 

77 

67 

93 

82 

73 

63 

53 

91 

86 

81 

75 

67 

86 

72 

63 

55 

46 

73 

59 

48 

44 

37 

DATA 

for 

: HAMILTON 

PER  CENT 

TOTAL  E 

>.1 

>.2 

>.3 

>.4 

>.5 

52 

43 

36 

27 

20 

88 

78 

74 

67 

60 

93 

79 

72 

65 

60 

96 

87 

76 

65 

57 

92 

72 

58 

42 

32 

93 

84 

72 

61 

51 

96 

91 

87 

79 

71 

96 

92 

87 

80 

74 

96 

90 

81 

73 

66 

82 

69 

62 

57 

50 

78 

69 

60 

52 

43 

66 

45 

33 

26 

19 

38  28 

36  29 

29  19 

47  37 

43  33 

42  31 

56  43 

55  45 

45  35 

59  49 

39  28 
28  20 


21  11 
20  12 


14 


7 


29  10 


23 
15 

24 
30 


3 

1 

0 

6 


28  16 
38  23 


20 

13 


8 

3 


1 

7 

3 

3 

0 

0 

0 

0 

0 

3 

1 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


14  8 6 2 

53  46  39  28 


55  47  38  26  U 
4A  38  29  19  6 

0 
0 
0 
0 
1 
2 
1 
0 


38  27  13 

60  46  24 

74  64  52  33 


3 

1 

0 
2 

46  36  18 


14  11 


8 

1 


0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


milAR  RADIATION  DATA  for!  HAMILTON, MONTANA  1982 


DAILY  AVERAGE 
KUH/SM/DAY 


>.1 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SM) 
>.2  >.3  >.4  >-5  > 7*7  7.8  >.9  >1.0  >1.1  >1 


.2 


1 .69 

77 

51 

36 

27 

19 

<3.34) 

89 

75 

64 

56 

49 

3.25 

93 

76 

62 

50 

38 

4.81 

94 

83 

77 

69 

61 

4.09 

91 

76 

65 

59 

49 

<4.66) 

94 

85 

77  ' 

67 

56 

<5.05) 

95 

88 

80 

73 

63 

<5.64) 

97 

93 

87 

80 

72 

4.55 

93 

79 

69 

63 

57 

<3.35) 

88 

73 

63 

55 

44 

2.85 

90 

73 

64 

51 

44 

<1.96) 

78 

57 

48 

40 

32 

14 

12 

9 

5 

1 

0 

0 

43 

35 

25 

16 

3 

0 

0 

28 

21 

14 

7 

3 

0 

0 

52 

41 

28 

18 

6 

1 

0 

38 

28 

14 

2 

0 

0 

0 

46 

34 

13 

0 

0 

0 

0 

53 

41 

24 

2 

0 

0 

0 

65 

53 

37 

14 

2 

0 

0 

50 

43 

32 

18 

1 

0 

0 

36 

30 

22 

14 

2 

0 

0 

37 

29 

18 

5 

1 

0 

0 

23 

17 

7 

0 

0 

0 

0 

45 


SOLAR  RADIATION  DATA  fen  MARLOUTON,MOIITAMA  1977 

Monteea  Departnent  of  Natural  Rosources  and  Conservation 
compiled  byi  Fowlkea  Enfinecrins,  Bozenan,  Nt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ADOVE  THRESHOLD 

(KU/SN) 

MONTH 

KUH/SM/DAY 

>.! 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

(3.22) 

95 

90 

84 

71 

54 

49 

49 

23 

13 

0 

0 

0 

FED 

4.34 

90 

83 

76 

65 

37 

51 

45 

37 

28 

13 

2 

2 

NAR 

A. 60 

95 

85 

77 

71 

61 

53 

46 

33 

22 

9 

0 

0 

APR 

5.58 

96 

87 

81 

74 

68 

43 

33 

40 

26 

4 

0 

0 

NAY 

(4.28) 

90 

78 

48 

59 

50 

40 

31 

23 

10 

0 

0 

0 

JUN 

(5.30) 

95 

90 

85 

81 

74 

41 

45 

24 

0 

0 

0 

0 

JUL 

(4.75) 

94 

86 

76 

68 

60 

32 

42 

26 

7 

0 

0 

0 

AUO 

4.72 

92 

83 

75 

67 

59 

50 

41 

31 

16 

1 

0 

0 

SEP 

4.85 

93 

84 

78 

73 

64 

55 

44 

34 

22 

7 

1 

0 

OCT 

(4.46) 

88 

80 

73 

67 

61 

53 

46 

34 

19 

2 

0 

0 

ROV 

(2.57) 

87 

64 

SO 

41 

34 

28 

21 

12 

6 

0 

0 

0 

DEC 

2.79 

80 

63 

54 

50 

44 

39 

30 

22 

14 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

: HARLOUTON 

, MONTANA 

1978 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 . 

JAN 

(3.17) 

90 

69 

57 

53 

47 

40 

33 

24 

15 

2 

0 

0 

FEB 

3.64 

95 

79 

65 

54 

48 

39 

31 

23 

15 

6 

0 

0 

MAR 

5.01 

93 

84 

78 

70 

63 

57 

47 

37 

26 

9 

0 

0 

APR 

3.98 

88 

74 

63 

52 

45 

38 

33 

22 

15 

6 

1 

0 

MAY 

2.88 

70 

58 

49 

43 

37 

32 

27 

23 

17 

11 

10 

10 

JUN 

2.60 

58 

55 

52 

49 

45 

41 

36 

27 

18 

17 

17 

17 

JUL 

4.50 

89 

80 

72 

64 

56 

47 

38 

21 

1 

0 

0 

0 

AUG 

5.01 

94 

88 

81 

73 

65 

57 

47 

31 

11 

2 

1 

1 

SEP 

OCT 

NOV 

BEC 

(4.62) 

87 

77 

73 

65 

59 

52 

45 

36 

23 

4 

0 

0 

SOLAR  RADIATION  DATA  for;  HARLOUTON, MONTANA  1979 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1 .2 

JAN 

(4.88) 

97 

95 

88 

80 

69 

62 

54 

43 

28 

5 

1 

0 

FEB 

3.90 

92 

84 

73 

65 

56 

47 

36 

26 

16 

7 

0 

0 

MAR 

(4.87) 

92 

80 

71 

66 

59 

53 

43 

33 

25 

15 

0 

0 

APR 

MAY 

(4.21 ) 

91 

76 

66 

57 

48 

38 

28 

19 

7 

t 

0 

0 

JUN 

4.69 

93 

86 

77. 

67 

57 

48 

35 

19 

1 

0 

0 

0 

JUL 

(5.56) 

94 

91 

86 

80 

73 

62 

44 

19 

0 

0 

0 

0 

AUG 

(4.57) 

91 

80 

75 

68 

61 

52 

39 

31 

16 

0 

0 

0 

SEP 

5.99 

98 

95 

90 

83 

77 

70 

61 

48 

32 

6 

0 

0 

OCT 

(4.43) 

92 

85 

76 

70 

61 

53 

44 

32 

17 

1 

0 

0 

NOV 

3.68 

88 

76 

68 

61 

56 

47 

40 

29 

14 

1 

0 

0 

DEC 

(3.12) 

90 

82 

70 

63 

54 

43 

33 

22 

4 

0 

0 

0 

46 


SOLAR  RADIATION  DATA  fors  HARLOUTON, MONTANA  1980 


Montana  Departnent  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Bosenan,  Mt. 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KH/SM) 


MONTH 

KWH/SM/DAY 

>.) 

>.2 

>.3 

>.4 

>.5 

■> . 6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

3.27 

87 

73 

64 

58 

51 

46 

36 

27 

12 

0 

0 

0 

FEB 

(3.21) 

87 

73 

60 

49 

40 

32 

23 

16 

12 

4 

0 

0 

MAR 

APR 

(5.41 ) 

96 

90 

85 

80 

67 

61 

52 

39 

17 

0 

0 

0 

MAY 

4.53 

92 

83 

74 

65 

57 

46 

34 

22 

7 

1 

0 

0 

JUN 

(4.48) 

92 

82 

73 

66 

58 

48 

37 

18 

2 

0 

0 

0 

JUL 

5.21 

95 

90 

85 

78 

69 

58 

46 

27 

9 

0 

0 

0 

AUG 

(4.71) 

94 

85 

77 

69 

58 

49 

41 

30 

11 

2 

0 

0 

SEP 

(5.01) 

96 

91 

85 

78 

72 

59 

53 

34 

22 

0 

0 

0 

OCT 

4.43 

88 

77 

71 

66 

57 

49 

39 

32 

20 

0 

0 

0 

NOV 

3.45 

87 

73 

65 

58 

51 

44 

35 

25 

10 

0 

0 

0 

DEC 

(2.56) 

89 

72 

59 

51 

38 

31 

21 

14 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  HARLOUTON, MONTANA  1981 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

JAN 

(1.92) 

72 

51 

FEB 

4.28 

95 

82 

MAR 

APR 

(4.51) 

93 

83 

MAY 

3.42 

82 

69 

JUN 

(4.22) 

91 

70 

JUL 

AUG 

SEP 

(5.60) 

92 

88 

OCT 

(3.75) 

87 

73 

NOV 

(4.63) 

92 

88 

DEC 

2.96 

88 

75 

.3 

>.4 

>.5 

> .6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 . 

43 

37 

33 

19 

19 

12 

0 

0 

0 

0 

77 

72 

61 

51 

45 

36 

25 

12 

0 

0 

74 

65 

55 

44 

31 

23 

13 

1 

0 

0 

58 

47 

37 

28 

19 

9 

1 

0 

0 

0 

64 

57 

53 

39 

32 

19 

3 

0 

0 

0 

84 

78 

71 

64 

55 

45 

27 

0 

0 

0 

68 

60 

51 

45 

36 

30 

19 

2 

0 

0 

83 

78 

72 

62 

51 

39 

19 

0 

0 

0 

68 

60 

49 

41 

31 

19 

3 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  HARLOUTON, MONTANA  1982 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

JAN 

(2.69) 

91 

66 

FEB 

(4.28) 

96 

88 

MAR 

4.30 

91 

79 

APR 

(5.10) 

96 

89 

MAY 

4.12 

90 

76 

JUN 

(3.58) 

91 

72 

JUL 

AUG 

(5.63) 

96 

93 

SEP 

4.48 

07 

75 

OCT 

(4.49) 

90 

84 

NOV 

3.31 

84 

71 

DEC 

2.67 

83 

70 

.3 

>.4  ; 

>.5 

> . 6 

>.7  : 

>.8 

>.9 

>1 .0 

>1.1 

>1 .2 

54 

49 

40 

36 

28 

17 

7 

0 

0 

0 

80 

73 

60 

51 

40 

27 

21 

9 

1 

0 

71 

62 

54 

47 

37 

29 

19 

9 

0 

0 

80 

68 

60 

53 

45 

33 

21 

5 

0 

0 

65 

55 

44 

35 

26 

17 

6 

1 

0 

0 

62 

49 

38 

29 

23 

8 

0 

0 

0 

0 

88 

82 

74 

65 

55 

40 

11 

0 

0 

0 

67 

64 

57 

50 

42 

32 

18 

0 

0 

0 

78 

75 

67 

61 

54 

40 

22 

2 

0 

0 

65 

56 

50 

44 

35 

24 

1 1 

0 

0 

0 

63 

56 

47 

40 

26 

12 

0 

0 

0 

47 


SOLAR  RADIATION  DATA  fori  HAVRE, MORTAMA  1977 

Montana  Deparintni  of  Natural  Resources  and  Conservation 
conpiUd  byi  Fowlket  Englnoerin^,  lozsnan,  At. 


DAILY  AVERA6E  PER  CENT  TOTAL  ENER8Y  ABOVE  THRESHOLD  (KV/SN) 


MONTH 

KOH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

FEB 

<4.17) 

94 

83 

77 

67 

60 

54 

45 

37 

21 

8 

0 

0 

NAft 

<4.60) 

94 

85 

74 

66 

58 

53 

45 

34 

22 

10 

1 

0 

APR 

<3.49) 

96 

91 

84 

78 

70 

42 

30 

35 

16 

2 

0 

0 

HAY 

<4.37) 

19 

81 

75 

68 

59 

50 

34 

24 

7 

1 

0 

0 

JUN 

<4.68) 

92 

82 

75 

68 

60 

49 

36 

20 

1 

0 

0 

0 

JUL 

4.66 

f1 

83 

76 

68 

60 

49 

37 

21 

2 

0 

0 

0 

AU8 

<4.42) 

90 

77 

47 

62 

52 

45 

37 

24 

7 

0 

0 

0 

SEP 

4.05 

81 

71 

45 

58 

52 

47 

39 

31 

22 

4 

1 

0 

OCT 

4.30 

92 

87 

79 

71 

62 

51 

41 

33 

19 

1 

0 

0 

NOV 

<3.25) 

85 

69 

43 

38 

51 

44 

38 

30 

15 

0 

0 

0 

DEC 

<2.38) 

81 

66 

57 

51 

44 

34 

24 

14 

3 

0 

0 

0 

SOLAR  RADIATION  DATA  for: 

DAILY  AVERAGE  PER  CENT 

HAVRE, MONTANA  1978 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.? 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

(2.75) 

91 

67 

54 

44 

37 

31 

24 

18 

11 

2 

0 

0 

FEB 

3.73 

95 

81 

68 

60 

50 

41 

35 

25 

15 

3 

0 

0 

MAR 

4.33 

95 

86 

76 

65 

55 

45 

32 

22 

14 

3 

0 

0 

APR 

3.40 

00 

61 

51 

45 

40 

33 

27 

18 

9 

2 

0 

0 

MAY 

3.02 

69 

62 

55 

48 

43 

37 

31 

23 

15 

10 

9 

9 

JUN 

4.73 

92 

86 

81 

73 

65 

53 

40 

20 

1 

0 

0 

0 

JUL 

<4.42) 

89 

83 

75 

69 

59 

50 

37 

23 

3 

0 

0 

0 

AU6 

(3.41 ) 

90 

77 

70 

70 

70 

62 

53 

53 

28 

0 

0 

0 

SEP 

4.58 

87 

80 

73 

66 

59 

51 

41 

33 

22 

5 

0 

0 

OCT 

4.53 

89 

80 

75 

70 

63 

55 

48 

38 

22 

3 

1 

0 

NOV 

2.82 

86 

64 

57 

49 

42 

35 

26 

18 

10 

1 

0 

0 

DEC 

2.11 

78 

58 

50 

43 

35 

27 

19 

10 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  HAVRE, MONTANA  1979 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SN) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1  >1 

.2 

JAN 

<3.51) 

94 

87 

80 

73 

60 

48 

34 

19 

4 

0 

0 

0 

FEB 

<3.16) 

93 

70 

56 

51 

45 

35 

26 

18 

8 

2 

0 

0 

MAR 

4.88 

94 

86 

80 

71 

63 

54 

46 

36 

25 

8 

1 

0 

APR 

<3.73) 

88 

74 

65 

55 

46 

37 

28 

16 

5 

0 

0 

0 

NAY 

(4.50) 

93 

84 

75 

64 

54 

44 

34 

24 

10 

0 

0 

0 

JUN 

1 

JUL 

AU6 

<4.17) 

89 

74 

65 

59 

51 

43 

36 

27 

1 

0 

0 

0 

SEP 

5.39 

97 

93 

88 

81 

74 

65 

54 

40 

18 

1 

0 

0 

OCT 

4.07 

91 

82 

74 

66 

61 

51 

39 

29 

14 

0 

0 

0 

NOV 

3.47 

83 

69 

64 

57 

53 

47 

39 

26 

7 

0 

0 

0 

BEC 

(2.44) 

84 

73 

63 

54 

43 

32 

24 

13 

1 

0 

0 

0 

48 


SOLAR  RADIATION  DATA  for:  HAVRE, HOMTANA  1980 

Montana  Departnent  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  BozeMan,  Mt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SH) 

MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1  .2 

JAN 

2.75 

82 

69 

63 

54 

43 

35 

28 

17 

6 

0 

0 

0 

FEB 

(3.17) 

81 

69 

61 

54 

48 

39 

28 

20 

9 

0 

0 

0 

MAR 

(4.24) 

94 

80 

71 

62 

55 

45 

34 

27 

17 

6 

1 

0 

APR 

5.29 

94 

84 

80 

74 

68 

61 

51 

37 

19 

2 

0 

0 

MAY 

(5.18) 

94 

89 

83 

75 

66 

55 

42 

28 

7 

0 

0 

0 

JUN 

4.38 

91 

84 

78 

70 

60 

45 

31 

10 

2 

0 

0 

0 

JUL 

3.80 

93 

86 

77 

63 

47 

13 

4 

2 

0 

0 

0 

0 

AU6 

(3.63) 

91 

82 

70 

58 

41 

23 

8 

5 

3 

0 

0 

0 

SEP 

(4.35) 

90 

84 

75 

68 

58 

48 

41 

28 

17 

3 

0 

0 

OCT 

(2.63) 

75 

60 

47 

43 

36 

29 

20 

11 

4 

0 

0 

0 

NOV 

2.67 

77 

65 

57 

48 

38 

33 

26 

19 

7 

0 

0 

0 

DEC 

(1.79) 

73 

49 

41 

36 

28 

24 

17 

10 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for; 

HAVRE, MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SH) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

3.68 

86 

78 

71 

65 

60 

52 

42 

29 

7 

0 

0 

0 

FEB 

3.71 

94 

82 

73 

65 

55 

43 

35 

22 

15 

2 

0 

0 

MAR 

5.23 

92 

82 

75 

71 

67 

58 

51 

43 

32 

14 

1 

0 

APR 

4.84 

94 

86 

77 

66 

56 

48 

39 

29 

18 

6 

1 

0 

MAY 

3.98 

83 

70 

63 

57 

49 

39 

28 

16 

4 

0 

0 

0 

JUN 

4.25 

87 

78 

71 

63 

54 

45 

30 

18 

3 

0 

0 

0 

JUL 

5.11 

94 

89 

84 

77 

69 

59 

45 

27 

2 

0 

0 

0 

AUG 

(5.24) 

94 

89 

86 

77 

70 

59 

46 

32 

4 

0 

0 

0 

SEP 

5.44 

94 

89 

85 

79 

73 

62 

50 

39 

22 

1 

0 

0 

OCT 

3.84 

83 

75 

68 

60 

53 

47 

38 

28 

16 

1 

0 

0 

NOV 

3.61 

86 

80 

73 

66 

59 

50 

40 

25 

5 

0 

0 

0 

DEC 

2.51 

83 

67 

57 

52 

42 

35 

28 

14 

n 

A. 

0 

0 

0 

SOLAR  RADIATION  DATA  for; 

HAVRE, MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1 .2 

JAN 

2.08 

87 

61 

49 

41 

32 

23 

15 

8 

1 

0 

0 

0 

FEB 

(3.42) 

91 

78 

68 

53 

43 

35 

29 

24 

12 

1 

0 

0 

MAR 

4.13 

90 

75 

66 

58 

52 

45 

37 

30 

18 

5 

0 

0 

APR 

(4.76) 

95 

86 

77 

67 

59 

50 

40 

27 

12 

2 

0 

0 

MAY 

(4.02) 

81 

68 

63 

57 

50 

40 

32 

22 

2 

0 

0 

0 

JUN 

(4.62) 

91 

82 

75 

66 

56 

46 

31 

19 

n 

0 

0 

0 

JUL 

(5.25) 

94 

89 

84 

77 

72 

61 

50 

29 

2 

0 

0 

0 

AU6 

5.41 

94 

87 

83 

77 

71 

62 

52 

36 

7 

0 

0 

0 

SEP 

(4.42) 

83 

73 

68 

61 

55 

50 

41 

33 

18 

1 

0 

0 

OCT 

4.07 

91 

80 

73 

65 

57 

49 

39 

27 

11 

0 

0 

0 

NOV 

(3.07) 

90 

74 

68 

62 

55 

45 

38 

24 

6 

0 

0 

0 

DEC 

2.00 

76 

60 

52 

43 

34 

22 

11 

3 

0 

0 

0 

0 

49 


SOLAR  RADIATION  DATA  fort  HELENA, NONTARA  1977 

Montana  Dapartnant  of  Natural  Raiourcos  and  Contervation 
conpilad  byi  Fowlkas  Enginaarinf,  Bozenan,  Mt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SN) 


MONTH 

KyN/8H/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(2.34) 

85 

63 

53 

43 

36 

27 

22 

13 

8 

3 

1 

1 

FED 

(4.17) 

91 

83 

76 

67 

58 

SO 

42 

32 

18 

7 

0 

0 

HAR 

(3.81) 

93 

78 

64 

53 

46 

37 

29 

22 

13 

5 

0 

0 

APR 

(S.11) 

96 

90 

63 

74 

66 

56 

46 

31 

14 

0 

0 

0 

RAY 

(4.07) 

92 

76 

68 

57 

49 

35 

26 

19 

6 

1 

0 

0 

JUN 

(4.35) 

86 

74 

69 

62 

56 

47 

37 

23 

4 

3 

3 

3 

JUL 

(5.07) 

94 

88 

83 

73 

65 

55 

41 

26 

2 

0 

0 

0 

AU6 

(4.74) 

92 

84 

75 

66 

59 

49 

42 

31 

8 

0 

0 

0 

SEP 

4.54 

92 

81 

72 

64 

57 

50 

41 

31 

16 

4 

0 

0 

OCT 

4.45 

95 

88 

79 

72 

64 

55 

44 

29 

14 

2 

0 

0 

NOV 

(3.11) 

84 

71 

62 

56 

59 

42 

36 

27 

14 

2 

0 

0 

DEC 

(2.29) 

80 

61 

S3 

44 

34 

27 

22 

18 

12 

2 

0 

0 

SOLAR  RADIATION 

! DATA  fors 

HELENA, 

MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

' ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(2.44) 

87 

63 

47 

40 

36 

31 

25 

18 

11 

5 

1 

0 

FEB 

(3.53) 

94 

82 

66 

56 

46 

37 

30 

24 

14 

8 

1 

0 

HAR 

(4.85) 

96 

88 

77 

69 

59 

51 

43 

33 

18 

9 

0 

0 

APR 

4.60 

92 

85 

74 

64 

56 

45 

37 

26 

19 

7 

0 

0 

MAY 

(3.56) 

85 

68 

54 

43 

35 

28 

19 

12 

4 

0 

0 

0 

JUN 

4.86 

93 

86 

77 

69 

60 

51 

40 

21 

1 

0 

0 

0 

JUL 

4.82 

93 

86 

78 

71 

63 

53 

42 

27 

2 

0 

0 

0 

AUG 

5.08 

95 

88 

79 

73 

64 

55 

45 

32 

11 

1 

0 

0 

SEP 

4.57 

86 

76 

70 

64 

57 

51 

43 

34 

23 

10 

1 

0 

OCT 

5.10 

96 

91 

84 

77 

68 

61 

50 

38 

23 

5 

0 

0 

NOV 

2.76 

82 

64 

34 

46 

40 

33 

27 

18 

12 

3 

0 

0 

DEC 

2.60 

82 

66 

54 

47 

40 

34 

29 

22 

8 

0 

0 

0 

SOLAR  RADIATION 

DATA  fori 

HELENA, MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KV/SM) 

MONTH 

KHH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(3.64) 

92 

77 

67 

62 

56 

48 

39 

30 

18 

2 

0 

0 

FEB 

(3.41) 

93 

77 

65 

55 

45 

37 

28 

20 

13 

6 

2 

0 

MAR 

4.67 

95 

85 

74 

64 

54 

47 

39 

31 

20 

7 

0 

0 

APR 

(4.34) 

93 

83 

72 

63 

54 

43 

32 

21 

11 

3 

0 

0 

NAY 

(4.43) 

94 

81 

69 

59 

48 

36 

28 

16 

9 

0 

0 

0 

JUN 

4.57 

94 

88 

78* 

67 

55 

44 

30 

16 

2 

0 

0 

0 

JUL 

(4.84) 

94 

87 

81 

73 

64 

54 

42 

20 

1 

0 

0 

0 

AU6 

4.84 

93 

83 

75 

68 

62 

54 

46 

29 

7 

0 

0 

0 

SEP 

5.70 

97 

93 

88 

80 

73 

64 

55 

42 

23 

1 

0 

0 

OCT 

(4.05) 

88 

78 

73 

66 

60 

51 

39 

26 

16 

4 

0 

0 

NOV 

(3.62) 

87 

77 

70 

64 

58 

50 

42 

30 

14 

1 

0 

0 

DEC 

2.71 

87 

76 

66 

56 

48 

39 

31 

19 

8 

1 

0 

0 

50 


SOLAR  RADIATION  DATA  fort  HELENA, HORTANA  1980 


Montana  Departnent  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Ensineering,  Bosewan,  Mt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

<KW/SM) 

MONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.? 

>.8  : 

>.9 

M .0 

>1.1 

>1.2 

JAN 

<3.08) 

92 

76 

67 

58 

50 

38 

31 

22 

13 

2 

0 

0 

FEB 

2.91 

83 

69 

55 

45 

36 

31 

25 

17 

9 

4 

0 

0 

MAR 

(3.86) 

93 

82 

67 

55 

46 

37 

31 

21 

14 

6 

0 

0 

APR 

(5.11) 

92 

86 

79 

72 

65 

56 

45 

31 

14 

2 

0 

0 

MAT 

4.02 

88 

79 

69 

60 

51 

39 

28 

13 

3 

0 

0 

0 

JUN 

(3.37) 

88 

76 

65 

50 

38 

27 

15 

4 

0 

0 

0 

0 

JUL 

(3.02) 

89 

78 

62 

47 

35 

25 

15 

5 

0 

0 

0 

0 

AUG 

(3.88) 

93 

85 

69 

60 

46 

32 

24 

14 

2 

0 

0 

0 

SEP 

(5.06) 

99 

94 

86 

78 

69 

60 

48 

29 

15 

0 

0 

0 

OCT 

(4.47) 

88 

79 

72 

68 

62 

54 

45 

34 

18 

0 

0 

0 

NOU 

(3.09) 

85 

75 

67 

61 

56 

47 

40 

28 

14 

2 

0 

0 

DEC 

t .81 

70 

55 

43 

37 

30 

24 

16 

6 

1 

0 

0 

0 

SOLAR  RADIATION 

DATA  for: 

HELENA, 

MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  ; 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(3.40) 

85 

73 

66 

61 

55 

48 

39 

31 

17 

1 

0 

0 

FEB 

(3.90) 

89 

78 

68 

60 

53 

46 

40 

33 

27 

15 

3 

0 

MAR 

(5.21 ) 

92 

80 

72 

68 

64 

56 

51 

43 

32 

16 

3 

0 

APR 

(4.11) 

92 

80 

69 

61 

47 

40 

28 

20 

13 

1 

0 

0 

NAY 

(3.43) 

82 

67 

57 

50 

41 

32 

23 

11 

2 

0 

0 

0 

JUN 

4.43 

94 

84 

74 

63 

51 

41 

29 

11 

1 

0 

0 

0 

JUL 

(4.96) 

94 

89 

84 

79 

70 

59 

43 

16 

1 

0 

0 

0 

AUG 

5.02 

95 

91 

86 

80 

70 

62 

47 

30 

4 

0 

0 

0 

SEP 

5.09 

95 

90 

80 

72 

63 

55 

46 

35 

22 

2 

0 

0 

OCT 

3.53 

87 

73 

63 

56 

48 

40 

32 

21 

10 

1 

0 

0 

NOV 

(3.74) 

82 

74 

68 

64 

57 

50 

43 

32 

17 

1 

0 

0 

DEC 

(2.22) 

83 

69 

59 

47 

38 

32 

24 

14 

4 

0 

0 

0 

SOLAR  RADIATION 

DATA  for: 

HELENA,! 

MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  ■ 

THRESHOLD 

(KW/SN) 

MONTH 

KUH/SM/DAY 

>.1 

>.2  >.3 

>.4 

>.5 

.> . 6 

>.7  >. 

8 

>.9  >1.0 

>1.1  >1.2 

JAN 

1.30 

56 

40  34 

24 

17 

10 

4 

0 

0 0 

0 0 

FEB 

2.98 

92 

80  68 

57 

40 

24 

11 

4 

0 0 

0 0 

MAR 

(2.13) 

84 

59  44 

30 

20 

9 

2 

0 

0 0 

0 0 

APR 

3.47 

91 

78  65 

54 

41 

28 

10 

0 

0 0 

0 0 

MAY 

(3.38) 

89 

75  65 

49 

35 

21 

5 

0 

0 0 

0 0 

JUN 

JUL 

AU6 

SEP 

OCT 

NOV 

DEC 


51 


JORDAN  NOT  INSTRUMENTED  IN  1977 


SOLAR  RADIATION  DATA  fors  JORDAN , MONTANA  1978 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SH) 

HONTH  KUH/SM/DAY  >.l  >.2  >.3  >.4  >.5  >.6  >.7  >.8  >.9  >1.0  >1.1  >1.2 

JAN 

FEB 

HAR 

APR 


MAY 

(4.12) 

85 

71 

63 

56 

50 

43 

30 

20 

5 

1 

0 

0 

JUN 

4.98 

94 

89 

84 

74 

65 

53 

41 

22 

3 

0 

0 

0 

JUL 

5.14 

91 

Q6 

79 

72 

63 

52 

39 

24 

1 

0 

0 

0 

AUG 

5.55 

95 

90 

83 

78 

71 

61 

52 

37 

13 

0 

0 

0 

SEP 

(4.91) 

85 

79 

76 

71 

65 

58 

48 

37 

18 

1 

0 

0 

OCT 

4.31 

91 

82 

75 

68 

59 

51 

39 

27 

10 

0 

0 

0 

NOV 

(2.38) 

71 

53 

47 

40 

34 

28 

22 

11 

1 

0 

0 

0 

DEC 

(2.09) 

85 

63 

53 

43 

37 

26 

10 

2 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  fors  JORDAN, MONTANA  1979 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1  >1 

■ < 

JAN 

(3.09) 

94 

80 

71 

62 

54 

43 

30 

13 

1 

0 

0 

0 

FEB 

(3.36) 

92 

81 

68 

58 

52 

43 

35 

23 

13 

5 

0 

0 

MAR 

(4.21) 

90 

79 

68 

57 

51 

45 

36 

29 

17 

6 

0 

0 

APR 

4.17 

87 

74 

62 

53 

45 

38 

30 

22 

14 

5 

0 

0 

MAY 

(4.42) 

93 

83 

70 

61 

50 

41 

31 

19 

11 

1 

0 

0 

JUN 

• 

JUL 

AUG 

(5.09) 

95 

89 

83 

74 

67 

56 

43 

26 

2 

0 

0 

0 

SEP 

6.03 

97 

94 

89 

85 

78 

70 

60 

47 

26 

1 

0 

0 

OCT 

(4.42) 

91 

84 

78 

73 

67 

60 

50 

37 

14 

0 

0 

0 

NOV 

3.34 

86 

76 

68 

62 

56 

48 

38 

25 

3 

0 

0 

0 

DEC 

(2.42) 

79 

65 

57 

50 

42 

34 

24 

18 

0 

0 

0 

0 

52 


SOLAR  RADIATION  DATA  for:  JORDAN, MONTANA  1980 

Montana  Department  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Ensineering,  Bozeman,  Ht. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERBY 

ABOVE 

IHRESHOLD 

(KU/SN) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1  >1 

JAN 

(3.36) 

86 

74 

65 

60 

55 

46 

36 

24 

14 

1 

0 

FEB 

3.69 

86 

72 

63 

56 

49 

43 

39 

30 

21 

5 

0 

MAR 

4.64 

94 

87 

78 

70 

61 

50 

42 

30 

19 

6 

0 

APR 

5.49 

95 

86 

79 

73 

66 

60 

50 

39 

21 

1 

0 

MAY 

(5.06) 

93 

85 

80 

73 

67 

56 

44 

29 

3 

0 

0 

JUN 

4.52 

92 

82 

77 

71 

64 

53 

39 

16 

1 

0 

0 

JUL 

(4.84) 

94 

88 

85 

80 

73 

63 

45 

17 

0 

0 

0 

AU6 

(5.81) 

97 

94 

89 

84 

76 

68 

58 

41 

20 

0 

0 

SEP 

4.68 

88 

82 

77 

71 

63 

52 

43 

33 

19 

3 

0 

OCT 

4.92 

87 

81 

74 

70 

66 

60 

53 

43 

24 

3 

0 

NOV 

3.77 

88 

80 

73 

66 

61 

54 

44 

33 

15 

0 

0 

DEC 

(2.27) 

81 

65 

56 

47 

40 

33 

22 

10 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for: 

PER  CENT 

JORDAN, MONTANA  1981 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY  > 

.1 

>.2  > 

.3 

>.4 

>.5 

>.6 

>.7 

>.8  : 

>.9 

>1.0 

>1.1  >1 

JAN 

(4.19) 

86 

82 

77 

73 

69 

62 

53 

42 

27 

0 

0 

FEB 

4.19 

91 

81 

71 

63 

56 

51 

45 

36 

26 

16 

1 

MAR 

5.88 

94 

89 

83 

77 

70 

66 

58 

48 

39 

22 

0 

APR 

5.00 

95 

89 

79 

69 

61 

52 

40 

28 

14 

1 

0 

MAT 

3.76 

83 

70 

60 

50 

42 

32 

21 

9 

1 

0 

0 

JUN 

4.22 

92 

83 

73 

64 

57 

45 

28 

2 

0 

0 

0 

JUL 

4.84 

93 

87 

83 

75 

66 

54 

39 

15 

0 

0 

0 

AU6 

5.62 

96 

92 

89 

83 

77 

66 

54 

33 

5 

0 

0 

SEP 

5.60 

91 

88 

84 

79 

73 

66 

57 

45 

21 

0 

0 

OCT 

4.47 

90 

81 

72 

67 

61 

55 

46 

36 

20 

1 

0 

NOV 

(3.86) 

80 

76 

71 

65 

58 

52 

44 

36 

20 

0 

0 

DEC 

2.92 

85 

76 

67 

61 

54 

45 

35 

22 

4 

0 

0 

SOLAR  RADIATION 

DATA  for 

n 

JORDAN,! 

MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  : 

>.9 

>1.0 

>1.1  >1 

JAN 

3.12 

94 

78 

64 

57 

51 

43 

34 

24 

15 

5 

0 

FEB 

4.72 

97 

91 

64 

77 

71 

62 

53 

44 

29 

6 

1 

MAR 

4.36 

88 

77 

67 

60 

53 

47 

40 

35 

24 

6 

1 

APR 

4.78 

94 

86 

77 

69 

61 

50 

39 

33 

18 

3 

0 

HAY 

3.38 

79 

63 

54 

46 

39 

32 

21 

12 

1 

0 

0 

JUN 

4.35 

93 

80 

7& 

69 

56 

44 

32 

14 

2 

0 

0 

JUL 

4.74 

93 

82 

77 

72 

65 

53 

40 

18 

1 

0 

0 

AUG 

5.47 

95 

89 

85 

79 

74 

64 

54 

36 

8 

0 

0 

SEP 

(4.65) 

88 

77 

69 

64 

56 

48 

40 

32 

18 

0 

0 

OCT 

4.32 

89 

79 

71 

66 

59 

53 

46 

36 

21 

1 

0 

NOV 

3.15 

85 

73 

66 

59 

51 

42 

34 

24 

13 

0 

0 

DEC 

2.16 

82 

58 

47 

42 

32 

25 

19 

9 

'1 

0 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


53 


SOLAR  RADIATIOH  lATA  fori  KALISPELL,HONTAMA  1977 

Montana  Otparintni  of  Matural  Resources  and  Conservation 
conpiled  byt  Foelket  Ensineerins,  Bozenan,  Nt. 


DAILY  AVERAGE  PER  CERT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 

MONTH  KUH/SM/DAY  >.l  >.2  >.3  >.4  >.5  >.6  >.7  >.8  >.9  >1.0  >1.1  >1.2 


JAN 


FEB 

(2.80) 

•4 

63 

51 

42 

35 

27 

22 

17 

10 

0 

0 

0 

HAR 

(2.99) 

85 

65 

S3 

43 

33 

28 

21 

15 

9 

2 

0 

0 

APR 

5.01 

95 

87 

77 

70 

61 

SO 

40 

32 

20 

0 

0 

0 

HAY 

3.89 

91 

76 

45 

55 

42 

34 

23 

15 

5 

0 

0 

0 

JUN 

(4.73) 

93 

81 

72 

63 

54 

46 

33 

17 

1 

0 

0 

0 

JUL 

(4.04) 

87 

75 

42 

51 

41 

33 

23 

11 

3 

0 

0 

0 

AU8 

4.75 

90 

80 

73 

68 

60 

54 

45 

33 

13 

1 

0 

0 

SEP 

<3.6&) 

83 

72 

43 

54 

44 

36 

31 

22 

12 

1 

0 

0 

OCT 

(3.87) 

91 

78 

71 

63 

58 

49 

38 

28 

12 

0 

0 

0 

NOV 

(2.49) 

74 

55 

52 

48 

43 

35 

28 

19 

9 

1 

0 

0 

DEC 

(1.82) 

43 

46 

34 

31 

25 

18 

15 

11 

6 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

5 KALI  SPELL 

.MONTANA 

19 

78 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

<KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7  :: 

^.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

1.55 

77 

30 

25 

21 

15 

12 

9 

7 

6 

3 

0 

0 

FEB 

2.78 

89 

65 

52 

43 

37 

32 

26 

20 

14 

4 

1 

, 0 

MAR 

4.34 

94 

77 

46 

58 

50 

44 

38 

33 

24 

13 

6 

0 

APR 

3.77 

93 

74 

58 

47 

39 

32 

25 

18 

1 1 

4 

1 

0 

MAY 

3.<S0 

88 

72 

57 

47 

40 

31 

25 

19 

11 

4 

1 

1 

JUN 

4.86 

93 

84 

76 

66 

59 

49 

38 

27 

5 

0 

0 

0 

JUL 

(4.73) 

94 

84 

77 

69 

62 

51 

39 

18 

1 

0 

0 

0 

AUG 

4.24 

91 

80 

70 

62 

51 

44 

31 

16 

1 

0 

0 

0 

SEP 

3.59 

88 

74 

64 

56 

48 

38 

32 

25 

14 

2 

0 

0 

OCT 

(4.69) 

96 

89 

83 

76 

68 

59 

48 

35 

17 

2 

0 

0 

NOV 

2.33 

75 

51 

46 

41 

34 

29 

25 

20 

10 

2 

0 

0 

DEC 

(1.99) 

74 

46 

41 

36 

29 

24 

20 

15 

11 

2 

0 

0 

SOLAR  RADIATION 

DATA 

for 

‘1  KALISPELL 

.MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

<KU/SH) 

MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7  ; 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(2.68) 

81 

60 

51 

47 

43 

38 

33 

26 

11 

2 

1 

0 

FEB 

1.92 

82 

48 

30 

23 

19 

13 

10 

8 

4 

2 

1 

0 

MAR 

4.49 

94 

83 

72 

64 

56 

50 

44 

33 

22 

4 

0 

0 

APR 

<4.11 ) 

91 

78 

67 

59 

51 

43 

34 

23 

14 

4 

1 

0 

MAY 

<4.41 ) 

91 

80 

67 

60 

51 

42 

34 

24 

6 

0 

0 

0 

JUN 

4.87 

93 

86 

76* 

66 

57 

48 

37 

23 

3 

0 

0 

0 

JUL 

5.19 

95 

87 

79 

72 

63 

53 

44 

30 

5 

0 

0 

0 

AUG 

5.44 

95 

88 

83 

77 

70 

61 

52 

40 

22 

2 

0 

0 

SEP 

6.11 

97 

94 

89 

85 

78 

72 

63 

52 

37 

12 

t 

0 

OCT 

<3.44) 

79 

70 

62 

56 

47 

41 

33 

25 

13 

0 

0 

0 

NOV 

1.75 

50 

41 

34 

28 

24 

20 

14 

8 

0 

0 

0 

DEC 

.73 

34 

22 

17 

12 

10 

8 

6 

4 

2 

0 

0 

0 

54 


SOLAR  RADIATIOH  DATA  for:  KALISPELL, MONTANA  1980 


Montana  Department  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Bozenan,  Ht. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1.0 

>1.1  >1 

.2 

JAN 

<2.88) 

78 

63 

56 

48 

41 

34 

27 

19 

12 

2 

0 

0 

FEB 

(2.40) 

78 

52 

44 

37 

32 

25 

18 

12 

8 

4 

0 

0 

MAR 

3.54 

90 

75 

60 

52 

44 

36 

27 

20 

14 

6 

1 

0 

APR 

(4.67) 

87 

79 

72 

64 

57 

49 

40 

27 

12 

0 

0 

0 

MAY 

4.08 

88 

76 

62 

52 

45 

38 

30 

18 

5 

0 

0 

0 

JUN 

(4.23) 

90 

80 

67 

58 

47 

34 

22 

10 

0 

0 

0 

0 

JUL 

4.79 

91 

83 

75 

68 

60 

50 

40 

22 

2 

0 

0 

0 

AUG 

4.81 

93 

84 

76 

69 

61 

51 

40 

29 

11 

0 

0 

0 

SEP 

4.24 

91 

79 

73 

66 

58 

51 

38 

27 

14 

2 

0 

0 

OCT 

4.16 

91 

82 

77 

69 

62 

52 

41 

33 

18 

0 

0 

0 

NOV 

1.67 

71 

59 

48 

39 

32 

26 

19 

8 

3 

0 

0 

0 

DEC 

1.10 

43 

32 

24 

22 

16 

12 

9 

5 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  KALISPELL, MONTANA  1981 
DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1  .2 

JAN 

( .98) 

36 

26 

23 

21 

14 

1 1 

8 

5 

4 

1 

0 

0 

FEB 

2.56 

78 

53 

46 

41 

37 

30 

26 

19 

15 

7 

3 

0 

MAR 

4.51 

92 

80 

72 

64 

57 

51 

39 

31 

'.■>'? 

10 

0 

0 

APR 

4.21 

92 

77 

66 

57 

47 

41 

34 

22 

14 

5 

1 

0 

MAY 

(3.87) 

93 

79 

67 

51 

41 

30 

25 

14 

/ 

2 

0 

0 

JUN 

(4.23) 

93 

76 

63 

51 

43 

35 

27 

11 

0 

0 

0 

0 

JUL 

5.08 

94 

87 

78 

70 

61 

53 

42 

21 

1 

0 

0 

0 

AUG 

(5.34) 

95 

89 

84 

76 

66 

57 

44 

31 

<? 

1 

0 

0 

SEP 

5.00 

93 

86 

81 

75 

67 

58 

49 

38 

22 

3 

0 

0 

OCT 

(3.29) 

86 

75 

64 

53 

41 

33 

27 

20 

10 

2 

0 

0 

NOV 

(1.46) 

64 

53 

42 

33 

22 

14 

9 

4 

2 

1 

0 

0 

DEC 

1.66 

67 

51 

46 

40 

31 

24 

19 

12 

1 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  KALISPELL, MONTANA  1982 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KV/SM) 

MONTH  KUH/SM/DAY  >.1  >.2  >.3  >.4  >.5  >.6  >.2  >.8  >.9  >1.0  >1.1  >1.2 


JAN 

1.75 

68 

47 

39 

FEB 

(2.92) 

84 

64 

51 

MAR 

3.12 

85 

69 

58 

APR 

4.42 

94 

84 

74 

MAY 

4.15 

90 

75 

67 

JUN 

4.42 

93 

83 

75 

JUL 

4.61 

92 

81 

74 

AUG 

4.84 

94 

88 

79 

SEP 

4.78 

88 

81 

74 

OCT 

3.47 

83 

74 

65 

NOV 

1.68 

60 

45 

36 

DEC 

1.17 

56 

36 

28 

32 

29 

23 

16 

12 

; 

/ 

3 

1 

0 

45 

39 

34 

28 

21 

14 

5 

0 

0 

48 

39 

32 

23 

18 

1 1 

4 

0 

0 

62 

53 

42 

31 

25 

12 

2 

0 

0 

57 

48 

39 

28 

18 

p 

1 

0 

0 

68 

58 

49 

33 

17 

0 

0 

0 

0 

64 

56 

45 

36 

21 

2 

0 

0 

0 

70 

61 

50 

40 

26 

5 

1 

0 

0 

67 

59 

52 

41 

32 

17 

2 

0 

0 

56 

50 

41 

32 

24 

10 

3 

0 

0 

31 

26 

20 

14 

8 

3 

1 

0 

0 

21 

16 

10 

6 

0 

0 

0 

0 

0 

55 


SOLAR  RADIATIOM  DATA  for*  LEWISTON, HONTANA  1977 

Hontana  Dapariatai  of  Natural  ftasources  and  Constrvaiion 
coapiltd  byi  Fowlket  En9int«rin9,  Bozenan,  Nt. 


BAILY  AVERAGE  PER  CENT  TOTAL  ENERGT  ABOVE  THRESHOLD  (KH/SH) 


MONTH 

KUH/SN/OAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  > 

.9 

>1.0 

>1.1 

>1 .2 

JAM 

FEB 

<4. 16) 

93 

73 

46 

60 

53 

49 

43 

36 

24 

8 

0 

0 

HAR 

4.47 

96 

87 

76 

63 

54 

48 

39 

31 

19 

7 

0 

0 

APR 

<5.44) 

96 

89 

82 

75 

67 

57 

49 

38 

20 

3 

0 

0 

MAY 

4.42 

90 

77 

49 

61 

51 

43 

35 

25 

6 

0 

0 

0 

JUN 

5.07 

95 

88 

SI 

71 

62 

52 

40 

23 

3 

0 

0 

0 

JUL 

<4.73) 

93 

85 

76 

70 

60 

49 

40 

27 

5 

0 

0 

0 

AUG 

4.25 

19 

80 

72 

62 

51 

41 

35 

24 

9 

0 

0 

0 

SEP 

<4.70) 

91 

80 

73 

66 

59 

51 

44 

33 

18 

3 

0 

0 

OCT 

4.38 

94 

84 

78 

68 

62 

54 

44 

32 

14 

1 

0 

0 

NOV 

<2.97) 

89 

70 

43 

53 

44 

38 

26 

16 

6 

0 

0 

0 

lEC 

<2.85) 

90 

68 

59 

53 

44 

33 

31 

20 

8 

0 

0 

0 

SOLAR  RADIATION 

DATA 

f or 

: LEUISTON, 

MONTANA 

1970 

DAILY  AVERAGE 

PER  L 

:ent 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>,7 

>.o 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

(2.71 ) 

68 

60 

53 

49 

42 

39 

31 

22 

13 

1 

0 

0 

FEB 

(3.66) 

94 

75 

61 

53 

47 

43 

37 

30 

10 

1 1 

1 

0 

MAR 

5.12 

96 

89 

80 

70 

62 

55 

48 

38 

26 

1 1 

0 

0 

APR 

(3.95) 

89 

76 

64 

54 

45 

36 

29 

24 

15 

6 

0 

0 

MAY 

(4.00) 

87 

76 

64 

56 

45 

36 

26 

19 

6 

1 

0 

0 

JUN 

4.89 

91 

85 

78 

71 

63 

53 

42 

24 

4 

1 

0 

0 

JUL 

(4.41 ) 

93 

80 

72 

63 

52 

44 

35 

19 

? 

0 

0 

0 

AUG 

SEP 

(4.49) 

88 

77 

49 

63 

57 

51 

44 

35 

21 

1 

0 

0 

OCT 

(4.91 ) 

94 

87 

80 

71 

64 

56 

48 

37 

22 

4 

0 

0 

NOV 

(2.09) 

88 

63 

54 

43 

34 

26 

19 

13 

9 

0 

0 

0 

DEC 

(2.36) 

71 

60 

54 

48 

43 

36 

32 

28 

17 

1 1 

10 

10 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  LEUISTON , MONTANA  19; 

PER  CENT  TOTAL  ENERGY  ABOVE  ' 

:'9 

THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(3.86) 

94 

78 

70 

66 

62 

53 

43 

31 

9 

2 

0 

0 

FEB 

(4.07) 

94 

85 

77 

69 

60 

50 

40 

29 

15 

5 

0 

0 

MAR 

(4.50) 

92 

81 

72 

62 

56 

47 

40 

33 

25 

15 

0 

0 

APR 

4.15 

91 

77 

66 

57 

49 

40 

31 

22 

13 

3 

1 

0 

MAY 

(4.15) 

92 

77 

64 

55 

43 

36 

28 

18 

7 

0 

0 

0 

JUN 

(4.96) 

93 

87 

78 

• 69 

61 

52 

40 

25 

2 

0 

0 

0 

JUL 

(5.32) 

94 

87 

81 

74 

67 

59 

46 

29 

3 

0 

0 

0 

AUG 

5.10 

95 

89 

78 

72 

63 

52 

41 

28 

10 

1 

0 

0 

SEP 

6.15 

98 

95 

90 

86 

79 

71 

61 

49 

32 

2 

0 

0 

OCT 

4.39 

92 

83 

78 

70 

64 

55 

45 

32 

19 

3 

0 

0 

NOV 

3.64 

89 

77 

66 

61 

53 

45 

40 

31 

18 

1 

1 

0 

DEC 

(3.06) 

84 

73 

64 

56 

50 

42 

36 

26 

1 1 

0 

0 

0 

56 


SOLAR  RADIATIOK  DATA  for:  LEUISTOM , MONTANA  1980 

Montana  Departnent  of  Natural  Resources  and  Conservation 
conpiled  by;  Fowlkes  Engineering,  Bo^enan,  Mt. 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1  > 

.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  > 

.9 

>1  .0 

>1.1 

>1 .2 

JAN 

3.07 

89 

71 

63 

55 

45 

40 

30 

22 

13 

2 

0 

0 

FEB 

3.94 

88 

75 

66 

61 

54 

46 

40 

29 

18 

7 

0 

0 

MAR 

3.98 

94 

81 

64 

55 

49 

38 

30 

23 

15 

7 

0 

0 

APR 

(5.52) 

97 

92 

87 

79 

68 

59 

49 

39 

22 

5 

1 

0 

MAY 

4.79 

95 

88 

80 

70 

59 

46 

35 

22 

4 

0 

0 

0 

JUN 

4.64 

92 

81 

74 

67 

60 

50 

38 

22 

1 

0 

0 

0 

JUL 

5.17 

95 

90 

82 

75 

65 

54 

41 

26 

1 

0 

0 

0 

AUG 

4.93 

95 

88 

79 

71 

64 

54 

41 

29 

10 

1 

0 

0 

SEP 

4.26 

90 

78 

69 

59 

52 

44 

35 

27 

17 

4 

1 

0 

OCT 

4.48 

85 

74 

68 

63 

59 

54 

46 

38 

25 

4 

0 

0 

NOV 

3.29 

82 

70 

64 

57 

51 

43 

37 

28 

14 

0 

0 

0 

DEC 

(2.09) 

75 

58 

48 

42 

34 

29 

20 

13 

2 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

■;  LEUISTON, 

MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1  ) 

'.2 

>.3 

>.4 

>.5 

> .6 

> . 7 

>.8  ) 

-.9 

:>i  .0 

:>i . 1 

>1.2 

JAN 

4.35 

89 

82 

78 

74 

69 

61 

54 

41 

25 

2 

0 

0 

FEB 

4.09 

94 

81 

71 

64 

59 

50 

41 

33 

24 

10 

0 

0 

MAR 

5.58 

95 

87 

78 

73 

67 

60 

54 

44 

35 

20 

1 

0 

APR 

4.55 

93 

85 

75 

66 

56 

44 

32 

22 

15 

4 

0 

0 

MAY 

3.94 

79 

69 

60 

52 

45 

39 

33 

22 

8 

1 

0 

0 

JUN 

4.78 

93 

85 

77 

66 

56 

46 

35 

21 

6 

0 

0 

0 

JUL 

5.25 

94 

88 

83 

76 

69 

61 

49 

32 

4 

0 

0 

0 

AUG 

(5.13) 

96 

89 

85 

81 

74 

65 

53 

36 

7 

0 

0 

0 

SEP 

5.50 

93 

87 

82 

78 

71 

65 

58 

45 

28 

3 

1 

0 

OCT 

(4.18) 

90 

78 

69 

64 

60 

52 

45 

36 

23 

7 

0 

0 

NOV 

3.86 

87 

80 

73 

63 

58 

51 

41 

31 

17 

0 

0 

0 

DEC 

2.83 

86 

76 

68 

59 

50 

19 

31 

20 

4 

0 

0 

0 

SOLAR  RADIATION 

DATA 

f 01 

r: 

LEUISTON 

.MONTANA 

198: 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 
1 >.2  >.3  >.4  >.5  >.6 


MONTH 

DAILY  AVERAGE 
KUH/SM/DAY 

JAN 

(2.99) 

FEB 

(4.12) 

MAR 

4.17 

APR 

5.04 

MAY 

3.90 

JUN 

4.52 

JUL 

5.22 

AUG 

5.72 

SEP 

4.59 

OCT 

4.16 

NOV 

2.85 

DEC 

2.32 

92 

75 

66 

60 

53 

37 

94 

84 

69 

63 

56 

48 

91 

76 

66 

59 

52 

45 

96 

90 

82 

72 

63 

51 

86 

70 

59 

51 

43 

33 

93 

84 

75  . 

66 

53 

42 

95 

89 

83 

74 

65 

56 

96 

93 

88 

82 

75 

64 

88 

74 

68 

61 

56 

49 

87 

78 

72 

66 

62 

55 

83 

71 

59 

50 

43 

36 

79 

61 

54 

46 

39 

30 

>.7 

>.8  ; 

>.9 

>1  .0 

>1.1 

>1.2 

28 

20 

10 

0 

0 

0 

42 

34 

26 

13 

1 

0 

39 

30 

20 

8 

0 

0 

40 

29 

17 

5 

0 

0 

24 

16 

0 

0 

0 

30 

1 1 

0 

0 

0 

0 

43 

27 

3 

0 

0 

0 

52 

38 

10 

1 

0 

0 

43 

34 

20 

0 

0 

0 

45 

3? 

19 

0 

0 

0 

28 

19 

7 

0 

0 

0 

22 

1 1 

0 

0 

0 

0 

57 


SOLAR  RADIATION  DATA  fon  LIISY,«0«TAAA  1977 

Hontsni  DtfMrintnt  of  Natursl  Resources  and  Conservation 
conpiled  byi  Fowlkes  Esfineerinj,  Bozenan,  Nt. 


MONTH 

JAN 

FEB 

MAR 

APR 

mi 

JUN 

JUL 

AU6 

SEP 

OCT 

NOV 

lEC 


MONTH 

JAN 

FEB 

NAR 

APR 

MAT 

JUN 

JUL 

AU6 

SEP 

OCT 

NOV 

DEC 


MONTH 


JAN 

FEB 

NAR 

APR 

MAY 

JUN 

JUL 

AU6 

SEP 

OCT 

NOV 

DEC 


DAILY  AVERAOE 
KUH/8N/DAY 


(3.27) 

(3.42) 
(5.26) 
(3.51) 
(4.76) 

(4.43) 
(5.62) 
(3.69) 
(3.58) 
(2.17) 
(4.05) 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/8N) 


.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

V 

• 

CD 

>.9 

>1.0 

>1.1 

>1. 

92 

77 

70 

64 

54 

46 

42 

30 

18 

5 

1 

0 

90 

79 

69 

55 

44 

35 

23 

15 

9 

2 

0 

0 

96 

90 

79 

73 

65 

56 

46 

35 

19 

2 

0 

0 

90 

71 

56 

45 

36 

26 

18 

11 

5 

0 

0 

0 

94 

85 

77 

68 

57 

46 

32 

23 

3 

0 

0 

0 

91 

80 

71 

59 

49 

40 

32 

23 

8 

0 

0 

0 

95 

88 

12 

78 

71 

63 

52 

40 

17 

0 

0 

0 

87 

73 

64 

54 

45 

36 

30 

24 

15 

2 

0 

0 

92 

81 

72 

64 

58 

49 

40 

32 

14 

0 

0 

0 

81 

63 

51 

43 

37 

31 

20 

13 

3 

0 

0 

0 

97 

96 

92 

92 

87 

81 

72 

54 

22 

0 

0 

0 

SOLAR  RADIATION  DATA  fon  LIBBY, MONTANA  1978 

DAILY  AVERAOE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 

KUH/SM/DAY  >.1  >.2  >.3  >.4  >.5  >.6  >.7  >.8  >.9  >1.0  >1.1  >1. 


(2.72) 

92 

70 

55 

46 

3.76 

92 

76 

64 

55 

(3.41 ) 

90 

74 

60 

46 

3.60 

90 

72 

56 

44 

4.74 

94 

86 

76 

68 

(4.50) 

93 

82 

73 

66 

(3.75) 

89 

71 

63 

53 

(3.21) 

90 

74 

62 

53 

(4.13) 

96 

89 

83 

76 

2.03 

67 

55 

48 

43 

(1.61 ) 

66 

51 

45 

35 

37 

32 

28 

21 

9 

3 

1 

0 

49 

43 

36 

28 

16 

7 

1 

0 

36 

28 

20 

13 

8 

1 

0 

0 

33 

27 

20 

15 

7 

2 

0 

0 

57 

46 

34 

21 

1 

0 

0 

0 

55 

43 

35 

25 

1 

0 

0 

0 

44 

37 

29 

20 

6 

0 

0 

0 

46 

36 

29 

21 

12 

3 

1 

0 

70 

60 

50 

37 

20 

0 

0 

0 

37 

32 

25 

17 

7 

0 

0 

0 

28 

25 

19 

12 

4 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  LIBBY, MONTANA  1979 


DAILY  AVERAGE 
KUH/SM/DAY 

(2.91) 

(1.66) 

4.54 

(3.92) 
4.59 
4.87 
4.92 

(5.43) 

5.40 

(3.38) 

(1.30) 

( .80) 


PER  CENT  TOTAL  ENER6Y  ABOVE  THRESHOLD  (KW/SM) 


>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

91 

77 

70 

65 

59 

51 

79 

48 

35 

26 

21 

17 

94 

81 

75 

69 

63 

57 

92 

81 

66 

55 

45 

35 

93 

83 

73 

65 

56 

48 

94 

87 

77 

. 69 

60 

49 

94 

86 

79 

71 

62 

51 

96 

89 

85 

80 

71 

63 

96 

91 

85 

80 

73 

66 

81 

69 

61 

55 

46 

41 

55 

44 

37 

30 

25 

19 

45 

26 

17 

13 

10 

7 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1. 

37 

24 

5 

0 

0 

0 

12 

8 

6 

3 

1 

0 

50 

43 

33 

15 

0 

0 

26 

20 

9 

1 

0 

0 

37 

25 

13 

2 

0 

0 

35 

21 

5 

0 

0 

0 

38 

22 

4 

0 

0 

0 

53 

39 

15 

2 

0 

0 

57 

45 

26 

2 

1 

0 

32 

23 

9 

0 

0 

0 

12 

4 

1 

0 

0 

0 

4 

3 

2 

0 

0 

0 

58 


SOLAR  RADIATION  DATA  for:  LIBBY, MONTANA  1980 

Hontana  Departnant  of  Natural  Reaourcei  and  Conservation 
conpilad  byi  Fowlkes  En9io9*i'i'^9»  Bozewan,  Nt. 


DAILY  AVERAGE 

PER  CENT  TOTAL 

ENERGY 

ABOVE  THRESHOLD  (KU/SN) 

NONTH 

KUH/SN/DAY 

>.1  > 

.2  > 

.3  > 

.4  > 

.5  > 

.6  > 

.7  > 

.8  > 

.9  >1 

.0  >1.1  ; 

>1.2 

JAN 

(2.26) 

72 

58 

49 

41 

36 

31 

24 

17 

4 

0 

0 

0 

FEB 

(1.56) 

61 

33 

24 

21 

18 

15 

12 

9 

6 

2 

0 

0 

NAR 

3.05 

86 

66 

55 

47 

40 

33 

25 

18 

10 

4 

0 

0 

APR 

(4.41 ) 

93 

82 

71 

63 

55 

46 

35 

25 

12 

1 

0 

0 

NAY 

3. 69 

84 

69 

59 

50 

41 

32 

25 

15 

4 

0 

0 

0 

JUN 

4.00 

91 

78 

63 

55 

44 

35 

25 

13 

1 

0 

0 

0 

JUL 

4.82 

91 

83 

74 

67 

58 

50 

37 

22 

2 

0 

0 

0 

AUG 

4.42 

92 

83 

72 

64 

53 

43 

32 

21 

9 

1 

0 

0 

SEP 

(3.78) 

85 

76 

67 

61 

55 

49 

37 

29 

12 

2 

0 

0 

OCT 

(3.23) 

86 

72 

66 

56 

49 

42 

32 

23 

7 

0 

0 

0 

NOV 

(1.64) 

62 

50 

41 

35 

29 

24 

15 

9 

2 

0 

0 

0 

DEC 

( .94) 

32 

26 

22 

21 

16 

10 

7 

2 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for: 

LIBBY, NONTANA  1981 

DAILY  AVERAGE 

PER  CENT  • 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KM/SM) 

MONTH 

KUH/SM/DAY 

>.i  : 

>.2  ; 

>.z  : 

>.4  : 

>.5  : 

>.6  ; 

>.7  >.8  ) 

►.9  >1.0 

>1.1 

>1.2 

JAN 

( .67) 

28 

19 

17 

13 

10 

5 

3 

2 

1 

0 

0 

0 

FEB 

1.98 

63 

44 

38 

32 

27 

20 

15 

9 

5 

0 

0 

0 

NAR 

(3.86) 

92 

77 

66 

58 

51 

46 

36 

28 

12 

0 

0 

0 

APR 

4.16 

93 

80 

67 

58 

49 

39 

31 

21 

13 

6 

1 

0 

NAY 

3.61 

89 

72 

63 

53 

42 

32 

21 

10 

4 

1 

0 

0 

JUN 

3.71 

89 

70 

54 

45 

37 

29 

20 

14 

4 

0 

0 

0 

JUL 

4.81 

93 

81 

73 

65 

57 

47 

38 

25 

5 

0 

0 

0 

AUG 

5.05 

94 

88 

83 

75 

67 

58 

46 

34 

9 

0 

0 

0 

SEP 

4.45 

93 

84 

73 

66 

59 

52 

41 

31 

17 

1 

0 

0 

OCT 

(2.37) 

77 

58 

48 

42 

35 

29 

22 

14 

2 

0 

0 

0 

NOV 

1.17 

52 

32 

27 

21 

15 

10 

6 

3 

0 

0 

0 

0 

DEC 

(1.06) 

50 

41 

35 

28 

22 

16 

9 

2 

0 

0 

0 

0 

SOLAR  RADIATION  DATA  for: 

LIBBY, NONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

' ABOVE  THRESHOLD 

(KW/SN) 

MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9  >1.0 

>1.1 

>1.2 

JAN 

1.14 

60 

42 

32 

24 

18 

13 

7 

4 

2 

0 

0 

0 

FEB 

(2.26) 

69 

45 

36 

34 

29 

26 

22 

15 

9 

0 

0 

0 

NAR 

(2.93) 

84 

67 

54 

43 

34 

27 

19 

11 

3 

1 

0 

0 

APR 

(4.51 ) 

93 

81 

71 

64 

53 

44 

34 

25 

10 

1 

0 

0 

NAY 

(4.20) 

90 

79 

69 

62 

50 

38 

24 

13 

2 

0 

0 

0 

JUN 

(4.33) 

93 

85 

74 

• 64 

53 

41 

26 

10 

0 

0 

0 

0 

JUL 

4.93 

93 

85 

74 

65 

57 

47 

36 

23 

2 

0 

0 

0 

ALI6 

5.02 

93 

85 

77 

68 

60 

51 

41 

28 

10 

0 

0 

0 

SEP 

(4.70) 

93 

87 

75 

69 

61 

54 

41 

22 

11 

2 

0 

0 

1 

OCT 

(2.54) 

78 

66 

56 

50 

41 

35 

22 

12 

5 

0 

0 

0 

U w 1 

NOV 

(1.26) 

49 

31 

26 

21 

15 

11 

7 

4 

0 

0 

0 

0 

DEC 

( .93) 

42 

29 

25 

21 

12 

3 

0 

0 

0 

0 

0 

0 

59 


LIVINGSTON  not  INSTRUMENTED  IN  1977 


SOLAR  RADIATION  DATA  for:  LI VINGSTON, MONTANA  1978 
DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SN) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

FEB 

(3.97) 

95 

76 

66 

62 

54 

49 

39 

30 

22 

16 

6 

0 

MAR 

4.64 

93 

83 

75 

68 

59 

54 

46 

38 

30 

20 

4 

2 

APR 

(4.22) 

94 

84 

69 

58 

50 

42 

31 

26 

18 

10 

3 

0 

MAY 

3.43 

82 

65 

55 

48 

39 

32 

26 

18 

9 

5 

2 

2 

JUN 

(5.23) 

95 

90 

83 

75 

68 

60 

48 

36 

2 

0 

0 

0 

JUL 

4.74 

94 

82 

76 

70 

64 

53 

42 

28 

3 

0 

0 

0 

AUG 

(5.11) 

95 

88 

81 

75 

69 

59 

47 

33 

8 

0 

0 

0 

SEP 

(5.11) 

95 

89 

85 

79 

73 

64 

50 

41 

14 

3 

0 

0 

OCT 

(4.71) 

93 

88 

82 

75 

68 

58 

47 

38 

28 

10 

0 

0 

NOV 

(4.00) 

94 

80 

74 

65 

61 

51 

40 

33 

23 

6 

2 

1 

DEC 

(2.21) 

89 

71 

59 

45 

37 

25 

22 

20 

1 1 

2 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  LIVINGSTON, MONTANA  1979 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KM/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(3.11) 

91 

62 

54 

48 

41 

36 

31 

26 

19 

7 

0 

0 

FEB 

(2.88) 

87 

66 

51 

44 

40 

35 

29 

23 

15 

9 

2 

0 

MAR 

(4.35) 

91 

81 

72 

64 

56 

48 

41 

32 

21 

13 

4 

1 

APR 

(4.01) 

93 

78 

66 

57 

51 

41 

29 

20 

11 

3 

0 

0 

MAY 

(5.32) 

95 

90 

81 

76 

69 

58 

44 

30 

6 

1 

0 

0 

JUN 

(5.56) 

96 

92 

86 

* 80 

73 

63 

49 

30 

1 

0 

0 

0 

JUL 

(5.20) 

95 

88 

83 

76 

68 

57 

43 

24 

0 

0 

0 

0 

AUG 

SEP 

OCT 

NOV 

(3.41) 

93 

78 

73 

68 

60 

47 

38 

29 

18 

0 

0 

0 

DEC 

2.43 

75 

62 

58 

52 

47 

40 

28 

19 

3 

0 

0 

0 

60 


SOLAR  RADIATION  DATA  fors  LIVINGSTON, HONTANA  1980 

Hontana  DepariMent  of  Natural  Resources  and  Conservation 
compiled  by;  Fowlkes  En9ineerin9,  Bozenan,  Ni. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KW/SN) 


HONTH 

KUH/SH/DAY 

>.1 

CM 

• 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

JAN 

(2.85) 

82 

63 

52 

49 

46 

39 

33 

26 

16 

2 

0 

FEB 

(2.98) 

90 

66 

51 

42 

38 

29 

25 

19 

14 

5 

0 

MAR 

(4.02) 

96 

84 

73 

60 

50 

42 

33 

27 

18 

10 

1 

APR 

(5.06) 

95 

88 

82 

74 

66 

54 

45 

34 

21 

3 

0 

NAY 

4.24 

92 

80 

72 

63 

54 

45 

32 

20 

5 

0 

0 

JUN 

(4.23) 

90 

82 

73 

63 

52 

41 

28 

15 

1 

0 

0 

JUL 

4.96 

95 

89 

82 

76 

69 

60 

45 

27 

2 

0 

0 

AUG 

(5.22) 

96 

91 

86 

82 

73 

63 

52 

36 

10 

3 

0 

SEP 

(5.28) 

97 

93 

87 

83 

71 

61 

55 

45 

28 

8 

1 

OCT 

(3.98) 

86 

71 

67 

62 

55 

49 

43 

34 

21 

2 

0 

NOV 

2.92 

86 

71 

61 

55 

46 

38 

28 

18 

10 

3 

0 

DEC 

(1.79) 

71 

50 

41 

32 

25 

18 

13 

8 

1 

0 

0 

SOLAR  RADIATION  DATA  for;  LIVINGSTON, MONTANA  1981 


DAILY  AVERAGE 

PER  CENT 

TOTAL 

. ENERGY 

ABOVE 

THRESHOLD 

(KU/SH) 

HONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

>.4  > 

.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1  >1 

JAN 

FEB 

(4.47) 

93 

76 

72 

70 

66 

57 

47 

36 

22 

6 

4 

MAR 

5.15 

94 

84 

77 

71 

64 

57 

49 

42 

32 

19 

1 

APR 

MAY 

JUN 

(4.93) 

94 

86 

79 

69 

58 

51 

42 

34 

25 

9 

2 

JUL 

(4.92) 

94 

88 

81 

71 

61 

50 

37 

23 

2 

0 

0 

AIJ6 

5.23 

95 

90 

84 

77 

71 

60 

48 

32 

6 

0 

0 

SEP 

(4.77) 

91 

83 

75 

70 

63 

55 

45 

35 

17 

1 

0 

OCT 

3.58 

83 

73 

65 

59 

51 

42 

34 

27 

17 

6 

0 

NOV 

(3.84) 

79 

77 

73 

68 

61 

53 

42 

31 

15 

2 

0 

DEC 

(1.95) 

82 

64 

55 

47 

41 

33 

22 

8 

3 

0 

0 

SOLAR  RADIATION  DATA  for:  LIVINGSTON, MONTANA  1982 


DAILY  AVERAGE 

PER  CENT 

TOTAL 

ENERGY 

ABOVE  THRESHOLD 

(KU/SN) 

HONTH 

KUH/SH/DAY 

>.1 

>.2 

>.3 

>.4  > 

.5 

>.6 

>.7 

>.8 

>.9  :> 

■1 .0 

>1.1  >1 

JAN 

1 . 62 

75 

52 

41 

34 

28 

18 

13 

9 

2 

0 

0 

FEB 

MAR 

APR 

MAY 

JUN 

(2.28) 

86 

54 

45 

t 

37 

32 

24 

16 

11 

9 

5 

0 

JUL 

(4.91 ) 

95 

87 

81 

72 

61 

50 

36 

20 

O 

41- 

0 

0 

AUG 

4.91 

96 

90 

83 

75 

66 

54 

41 

26 

7 

0 

0 

SEP 

(3.84) 

84 

68 

60 

55 

49 

41 

35 

26 

14 

3 

0 

OCT 

NOV 

DEC 

(3.17) 

88 

73 

62 

49 

43 

35 

28 

16 

6 

2 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

.2 

0 

0 

0 

0 

0 

0 


61 


SOLAR  RADIATIOM  DATA  fori  HILES  CITY^MORTANA  1977 

Montana  Departnent  of  Natural  Resources  and  Constrvaiion 
conpiled  t>yi  Fowlkei  En9ineerin$,  Bozenan,  Mt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

<K«/SN) 

MONTH 

KUH/8M/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

<3.34) 

92 

74 

67 

63 

53 

47 

37 

26 

16 

5 

1 

0 

FEI 

4.26 

91 

82 

75 

69 

63 

54 

46 

36 

25 

4 

0 

0 

HAR 

4.49 

91 

83 

74 

64 

57 

48 

39 

29 

19 

4 

0 

0 

APR 

5.65 

96 

90 

SS 

81 

74 

63 

53 

39 

17 

0 

0 

0 

HAY 

4.54 

89 

81 

73 

65 

57 

48 

36 

17 

3 

0 

0 

0 

JUN 

3.19 

65 

63 

60 

55 

49 

43 

35 

27 

15 

15 

15 

15 

JUL 

2.79 

59 

56 

S3 

49 

45 

41 

36 

27 

18 

16 

18 

18 

AUG 

<4.54) 

92 

83 

75 

67 

59 

48 

38 

25 

7 

0 

0 

0 

SEP 

4.46 

86 

77 

71 

62 

55 

47 

40 

30 

18 

2 

0 

0 

OCT 

4.53 

86 

81 

77 

71 

66 

57 

49 

39 

19 

t 

0 

0 

NOV 

3.13 

88 

72 

64 

55 

47 

38 

32 

23 

11 

0 

0 

0 

DEC 

<2.29) 

77 

56 

49 

42 

35 

30 

24 

16 

3 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for : 

MILES 

CITY 

.MONTANA 

1 978 

MONTH 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

<KU/SM) 

KUH/SH/DAY 

>.  1 

>.2 

>.3 

>.4 

>.5 

> . 6 

>.7 

>.8 

>.9 

>1  .0 

>1 . 1 

>1.2 

JAN 

3. 1 1 

93 

73 

59 

50 

41 

36 

29 

22 

16 

3 

0 

0 

FEB 

<3.87) 

94 

81 

69 

59 

52 

44 

35 

27 

20 

1 1 

0 

0 

MAR 

4.70 

95 

86 

75 

66 

56 

51 

43 

35 

25 

1 1 

1 

0 

APR 

4.05 

83 

73 

61 

53 

47 

41 

35 

27 

19 

3 

0 

0 

MAY 

3,71 

82 

66 

56 

46 

41 

35 

27 

17 

2 

0 

0 

0 

JUN 

4.64 

94 

86 

76 

66 

56 

45 

33 

11 

0 

0 

0 

0 

JUL 

AUG 

<4.75) 

93 

87 

78 

68 

58 

50 

37 

17 

1 

0 

0 

0 

SEP 

<4.80) 

80 

73 

71 

66 

61 

56 

50 

43 

32 

11 

0 

0 

UCT 

4.62 

95 

86 

80 

70 

61 

53 

44 

35 

20 

2 

0 

0 

NOV 

3.13 

83 

61 

54 

50 

45 

39 

33 

27 

15 

4 

0 

0 

DEC 

2.96 

85 

72 

63 

59 

50 

42 

35 

27 

16 

6 

0 

0 

SOLAR  RADIATION 

DATA 

for: 

MILES 

CITY 

.MONTANA 

1979 

MONTH 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KW/SM) 

KWH/SM/DAY  >.1  >.2  >.3  >.4  >.5  >.6  >.7  >.8  >.9  >1.0  >1.1  >1.2 


JAN 

FED 

MAR 

APR 

NAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


4.09 

4.33 

5.06 

4.18 
4.48 
5.01 

<4.93) 

<4.97) 

5.51 

<4.37) 

2.96 

3.19 


97 

91 

63 

75 

66 

96 

87 

78 

71 

63 

95 

84 

77 

71 

65 

89 

75 

65 

55 

48 

93 

84 

72 

61 

52 

94 

88 

79  . 

69 

60 

94 

88 

79 

67 

58 

97 

92 

86 

75 

64 

96 

91 

86 

81 

73 

94 

84 

78 

69 

60 

84 

72 

62 

53 

43 

89 

79 

71 

64 

52 

57 

47 

37 

21 

4 

53 

45 

35 

24 

11 

58 

49 

41 

33 

21 

39 

31 

23 

15 

5 

43 

32 

19 

5 

1 

49 

34 

20 

2 

0 

50 

37 

16 

0 

0 

50 

35 

25 

7 

0 

65 

54 

42 

23 

1 

52 

45 

33 

17 

0 

36 

29 

20 

8 

0 

43 

34 

23 

1 

0 

0 0 

0 0 

5 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 


62 


SOLAR  RADIATION  DATA  fors  MILES  CITY, MONTANA  1980 

Montana  Departnent  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Engineering,  Bozenan,  Mt. 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

►.8  >.9  : 

>1 .0 

>1.1 

>1  .2 

JAN 

3.19 

83 

73 

67 

60 

54 

47 

35 

24  12 

0 

0 

0 

FEB 

<3.36) 

83 

66 

60 

54 

48 

42 

37 

26  10 

5 

0 

0 

MAR 

-1.17 

93 

83 

72 

62 

53 

40 

31 

21  14 

4 

0 

0 

APR 

5.05 

95 

86 

79 

21 

63 

54 

46 

33  14 

2 

0 

0 

MAY 

4.85 

94 

86 

81 

73 

63 

48 

35 

18  1 

0 

0 

0 

JON 

4.78 

94 

85 

78 

71 

61 

50 

35 

15  1 

0 

0 

0 

JUL 

5.09 

95 

90 

84 

76 

67 

56 

41 

19  1 

0 

0 

0 

AUG 

4.56 

91 

84 

76 

65 

56 

47 

40 

28  11 

1 

0 

0 

SEP 

4.77 

91 

85 

76 

70 

61 

54 

42 

32  21 

5 

0 

0 

OCT 

4.43 

86 

76 

69 

63 

57 

51 

43 

34  22 

3 

0 

0 

NOV 

3.24 

88 

78 

71 

63 

52 

42 

34 

23  8 

1 

0 

0 

DEC 

(2.00) 

72 

60 

50 

39 

32 

24 

19 

10  1 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  1 

MILES  CITY, MONTANA  1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2  ; 

>.3 

>.4  : 

>.5  ) 

►.6  ; 

>.7  > 

.8  >.9  >1  .0 

>1.1 

>1  .2 

JAN 

(4.00) 

94 

86 

81 

73 

64 

58 

48 

36  21 

0 

0 

0 

FEB 

3.91 

93 

81 

70 

64 

54 

47 

39 

30  22 

8 

0 

0 

MAR 

(5.41 ) 

96 

89 

83 

77 

69 

60 

53 

45  34 

18 

1 

0 

APR 

(5.05) 

96 

88 

81 

72 

63 

55 

46 

33  21 

4 

0 

0 

MAY 

(3.83) 

85 

72 

62 

52 

44 

36 

26 

15  2 

0 

0 

0 

JUN 

4.69 

94 

87 

79 

69 

61 

46 

33 

13  2 

0 

0 

0 

JUL 

4.93 

95 

88 

79 

72 

62 

52 

38 

12  1 

0 

0 

0 

AUG 

5.50 

96 

92 

87 

80 

70 

59 

48 

29  6 

0 

0 

0 

SEP 

(5.56) 

95 

92 

87 

80 

74 

66 

56 

42  22 

1 

0 

0 

OCT 

(4.51 ) 

93 

81 

76 

73 

68 

62 

50 

36  24 

1 

0 

0 

NOV 

(3.05) 

79 

66 

61 

55 

49 

41 

33 

24  10 

0 

0 

0 

DEC 

2.62 

82 

71 

63 

56 

45 

37 

27 

17  1 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for: 

MILES 

CITY 

.MONTANA 

1 982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.  1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7  : 

>.8  >.9 

>1.0 

>1.1 

>1 .2 

JAN 

2.82 

89 

72 

63 

54 

47 

39 

30 

18  5 

0 

0 

0 

FEB 

4.13 

91 

81 

73 

66 

58 

50 

42 

32  21 

3 

0 

0 

MAR 

3.94 

89 

69 

60 

54 

48 

41 

35 

28  19 

7 

1 

0 

APR 

4.58 

93 

82 

72 

63 

54 

46 

37 

30  19 

4 

0 

0 

MAY 

(3.32) 

83 

60 

48 

40 

32 

24 

18 

13  4 

1 

0 

0 

JUN 

4.53 

90 

83 

76 

• 67 

54 

40 

29 

9 0 

0 

0 

0 

JUL 

4.80 

93 

83 

76 

68 

59 

48 

35 

17  1 

0 

0 

0 

AUG 

(5.07) 

94 

87 

81 

75 

68 

59 

44 

26  1 

0 

0 

0 

SEP 

4.35 

87 

78 

71 

61 

56 

47 

39 

30  16 

1 

0 

0 

OCT 

3.78 

84 

75 

68 

61 

53 

44 

34 

27  14 

4 

0 

0 

NOV 

3.12 

88 

76 

67 

59 

50 

41 

32 

22  8 

2 

0 

0 

DEC 

2.05 

81 

56 

46 

37 

28 

22 

15 

5 0 

0 

0 

0 

63 


SOLAR  RADIATION  DATA  fori  MISSOULA, HONIARA  1977 

Montano  Doparintni  of  Natural  Resources  and  Consorvation 
conpiled  by*  Foulke*  Enfineeringi  Bozenan,  Mt. 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (K0/8M) 


MONTH 

KUH/6M/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

V 

• 

GO 

>.9 

>1 .0 

>1.1 

>1 .2 

JAN 

(2.82) 

88 

74 

57 

53 

42 

32 

21 

12 

3 

0 

0 

0 

FEB 

3.24 

65 

68 

60 

53 

45 

38 

30 

23 

9 

0 

0 

0 

MAR 

2.88 

87 

64 

49 

39 

30 

24 

20 

16 

9 

3 

0 

0 

APR 

3.14 

96 

87 

80 

73 

65 

57 

44 

33 

20 

5 

0 

0 

HAY 

3.59 

89 

72 

57 

49 

39 

29 

21 

13 

6 

1 

0 

0 

JUN 

(4.66) 

94 

84 

77 

66 

54 

44 

30 

18 

2 

0 

0 

0 

JUL 

(4.14) 

91 

79 

68 

60 

51 

40 

27 

13 

2 

0 

0 

0 

AU6 

4.66 

92 

81 

72 

66 

60 

53 

42 

32 

11 

2 

0 

0 

SEP 

(3.63) 

90 

73 

64 

52 

46 

40 

34 

29 

16 

3 

0 

0 

OCT 

(4.13) 

93 

81 

73 

66 

58 

49 

39 

30 

17 

3 

0 

0 

NOV 

(2.15) 

79 

65 

56 

48 

39 

33 

24 

14 

6 

4 

2 

2 

DEC 

(1.47) 

68 

43 

30 

29 

20 

17 

13 

9 

4 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

■:  MISSOULA, 

MONTANA 

1978 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1.2 

JAN 

(1.46) 

63 

36 

27 

22 

20 

15 

10 

7 

3 

1 

1 

0 

FEB 

(2.39) 

85 

62 

46 

38 

31 

26 

18 

14 

9 

3 

0 

0 

MAR 

4.36 

94 

85 

76 

68 

58 

46 

37 

29 

21 

9 

1 

0 

APR 

4.03 

95 

83 

71 

59 

48 

39 

27 

20 

12 

4 

0 

0 

HAY 

(3.04) 

87 

64 

49 

36 

29 

21 

14 

10 

5 

1 

0 

0 

JUN 

4.50 

91 

83 

75 

67 

58 

49 

33 

14 

p 

0 

0 

0 

JUL 

4.70 

93 

84 

76 

68 

58 

50 

39 

25 

4 

0 

0 

0 

AUG 

4.59 

92 

83 

74 

66 

58 

46 

35 

23 

4 

0 

0 

0 

SEP 

3.61 

78 

68 

60 

55 

47 

40 

30 

23 

16 

5 

3 

2 

OCT 

(4.92) 

97 

91 

85 

76 

69 

62 

50 

39 

23 

9 

1 

0 

NOV 

(2.67) 

76 

64 

56 

51 

45 

39 

30 

19 

10 

1 

1 

0 

DEC 

1.93 

74 

55 

47 

40 

33 

27 

19 

9 

2 

0 

0 

0 

SOLAR  RADIATION 

DATA 

1 for 

*:  MISSOULA, 

.MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(2.70) 

85 

66 

59 

53 

45 

36 

23 

12 

1 

0 

0 

0 

FEB 

1.95 

80 

54 

44 

32 

27 

21 

14 

10 

6 

2 

0 

0 

HAR 

4.27 

90 

77 

69 

58 

52 

47 

40 

33 

23 

9 

1 

0 

APR 

3.74 

91 

77 

66 

40 

40 

32 

25 

18 

10 

1 

0 

0 

MAY 

(4.37) 

92 

80 

69 

59 

51 

41 

32 

20 

6 

1 

0 

0 

JUN 

4.82 

90 

83 

76 

68 

59 

48 

39 

26 

2 

0 

0 

0 

JUL 

5.05 

94 

89 

83 

75 

68 

55 

44 

27 

2 

0 

0 

0 

AU6 

4.96 

92 

85 

80 

73 

67 

58 

48 

34 

12 

1 

0 

0 

SEP 

5.94 

98 

94 

90 

83 

76 

69 

57 

45 

30 

3 

0 

0 

OCT 

(3.73) 

87 

73 

62 

57 

49 

44 

37 

29 

19 

3 

0 

0 

NOV 

2.42 

74 

62 

55 

48 

41 

33 

25 

9 

1 

0 

0 

0 

DEC 

(1.33) 

56 

43 

35 

30 

25 

19 

12 

5 

1 

0 

0 

0 

64 


SOLAR  RADIATION  DATA  for:  MISSOULA , MONTANA  1980 

Hontarsa  Department  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Engineerin3,  Boseman,  Nt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

<K«/SH) 

MONTH 

KWH/SN/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>%6 

>.7 

00 

• 

>.9 

>1.0 

>1.1  >1 

.2 

JAN 

2.79 

81 

66 

58 

53 

47 

38 

29 

19 

6 

0 

0 

0 

FEB 

2.10 

78 

57 

45 

38 

29 

23 

13 

8 

2 

1 

0 

0 

MAR 

2.92 

92 

72 

57 

43 

35 

26 

17 

10 

5 

2 

0 

0 

APR 

3.89 

92 

76 

66 

57 

48 

39 

28 

15 

4 

0 

0 

0 

HAY 

(3.79) 

66 

73 

64 

56 

46 

38 

28 

18 

5 

0 

0 

0 

JUN 

3.82 

92 

82 

69 

58 

45 

35 

25 

14 

1 

0 

0 

0 

JUL 

A. 77 

94 

87 

79 

72 

62 

52 

40 

23 

1 

0 

0 

0 

AUG 

<5.02) 

96 

88 

81 

75 

65 

58 

43 

30 

11 

1 

0 

0 

SEP 

(3.89) 

84 

74 

64 

57 

52 

45 

34 

26 

11 

1 

0 

0 

OCT 

4.45 

91 

83 

75 

70 

63 

54 

44 

35 

21 

4 

0 

0 

NOV 

1.69 

68 

53 

44 

37 

27 

17 

7 

2 

0 

0 

0 

0 

DEC 

1.43 

56 

44 

35 

27 

22 

17 

11 

7 

3 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  MISSOULA. MONTANA  1981 


DAILY  AVERAGE 

PER  CENT 

TOTAL 

ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.i 

>.2 

>.3 

>.4  > 

.5 

>.6  :: 

>.7 

>.8 

>.9 

>1  .0 

>1.1  >1 

.: 

JAN 

1.49 

51 

39 

36 

28 

23 

17 

15 

10 

4 

0 

0 

0 

FEB 

(3.48) 

81 

70 

65 

61 

54 

46 

37 

31 

23 

9 

1 

0 

MAR 

(5.33) 

89 

81 

78 

74 

67 

62 

54 

45 

35 

18 

0 

0 

APR 

(3.79) 

84 

67 

58 

53 

47 

37 

30 

22 

12 

4 

1 

0 

MAY 

(3.27) 

90 

74 

57 

41 

32 

21 

16 

•7 

e 

1 

0 

0 

0 

JUN 

JUL 

AUG 

SEP 

(4.37) 

92 

82 

72 

63 

56 

47 

36 

28 

14 

0 

0 

0 

OCT 

3.12 

78 

65 

58 

49 

45 

38 

33 

25 

13 

0 

0 

0 

NOV 

2.30 

72 

59 

51 

44 

35 

30 

23 

13 

4 

0 

0 

0 

DEC 

1.50 

62 

45 

36 

30 

24 

18 

13 

6 

1 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

1 

MISSOULA 

.MONTANA 

1982 

DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

JAN 

1.34 

64 

42 

FEB 

2.95 

79 

59 

MAR 

3.00 

87 

71 

APR 

3.88 

91 

78 

MAY 

4.04 

86 

75 

JUN 

4.42 

92 

85 

JUL 

4.58 

93 

86 

AUG 

(5.01 ) 

95 

89 

SEP 

(4,48) 

93 

81 

OCT 

3.03 

81 

66 

NOV 

2.33 

79 

65 

DEC 

(1.39) 

61 

44 

.3 

>.4  ; 

>.5  : 

>.6 

>.7 

>.8  ; 

>.9 

>1 .0 

>1 . 1 

>1.2 

30 

23 

17 

12 

8 

6 

0 

0 

0 

0 

52 

48 

44 

37 

30 

23 

12 

2 

0 

0 

56 

48 

39 

30 

24 

16 

11 

2 

0 

0 

65 

56 

48 

41 

31 

19 

9 

0 

0 

0 

65 

57 

49 

39 

29 

17 

3 

0 

0 

0 

n 

69 

61 

51 

37 

11 

0 

« 0 

0 

0 

77 

70 

60 

47 

30 

1 1 

2 

0 

0 

0 

82 

75 

66 

57 

45 

26 

9 

1 

0 

0 

72 

65 

59 

52 

46 

33 

20 

3 

0 

0 

58 

52 

43 

37 

31 

22 

11 

1 

0 

0 

53 

44 

39 

30 

22 

12 

3 

1 

0 

0 

36 

26 

22 

14 

9 

3 

0 

0 

0 

0 

65 


PLENTYWOOD  NOT  INSTRUMENTED  IN  1977 


SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  PLENTYUOOD, MONTANA  1978 

PER  CENT  TOTAL  ENER6Y  ABOVE  THRESHOLD 

(KU/SH) 

HONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5  : 

> . 6 

>.7  : 

>.8 

>.9 

>1.0 

>1.1 

>1 

JAW 

FEB 

(4.52) 

97 

90 

61 

72 

64 

57 

48 

40 

32 

17 

p 

HAR 

(4.86) 

92 

86 

77 

69 

61 

52 

46 

36 

27 

18 

6 

APR 

(3.62) 

79 

65 

55 

49 

44 

38 

33 

24 

13 

4 

0 

NAY 

(3.90) 

85 

74 

64 

55 

44 

34 

25 

14 

4 

1 

0 

JIJN 

(4.83) 

92 

82 

75 

68 

58 

50 

40 

24 

5 

0 

0 

JUL 

4.59 

91 

84 

75 

69 

60 

50 

38 

19 

4 

1 

1 

AU6 

(5.02) 

95 

89 

82 

77 

69 

60 

47 

32 

14 

1 

0 

SEP 

(4.53) 

90 

83 

79 

73 

66 

58 

48 

36 

18 

1 

0 

OCT 

(3.<45) 

83 

75 

71 

66 

58 

52 

44 

34 

24 

14 

7 

NOV 

2.52 

78 

60 

51 

46 

40 

33 

27 

18 

4 

1 

1 

DEC 

2.45 

87 

69 

55 

46 

41 

32 

25 

13 

2 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  PLENTYWOOD, MONTANA  1979 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

HOWTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  ,0 

>1.1 

>1 

JAN 

(3.23) 

95 

87 

82 

73 

63 

57 

51 

31 

8 

0 

0 

FEB 

3.52 

94 

80 

62 

53 

44 

40 

36 

29 

19 

7 

0 

HAR 

4.20 

91 

76 

65 

59 

53 

46 

38 

32 

23 

15 

3 

APR 

3.51 

82 

66 

55 

44 

37 

30 

23 

17 

9 

1 

0 

MAY 

(3.66) 

83 

67 

57 

47 

40 

31 

24 

15 

6 

2 

0 

JUN 

4.81 

93 

85 

78* 

70 

59 

47 

37 

17 

0 

0 

JUL 

(5.03) 

93 

85 

78 

70 

60 

50 

36 

23 

4 

0 

0 

AU6 

5.49 

96 

91 

85 

77 

68 

55 

45 

34 

17 

2 

0 

SEP 

5.39 

94 

87 

79 

73 

66 

59 

50 

36 

15 

1 

0 

OCT 

4.40 

93 

84 

78 

73 

64 

55 

41 

30 

14 

1 

0 

NOV 

2.73 

8o 

73 

64 

52 

42 

35 

23 

14 

1 

0 

0 

DEC 

(2.96) 

84 

68 

62 

60 

54 

46 

34 

21 

'1 

0 

0 

.2 

0 

0 

0 

0 

0 

1 

0 

0 

6 

1 

0 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


66 


SOLAR  RADIATION  DATA  for:  PLENTYWOOD, MONTANA  1980 


Montana  Departncnt  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Bozenan,  Nt. 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (Kll/SM) 


MONTH 

KUH/SH/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7  : 

>.8 

>.9 

>1.0 

>1.1 

>1  .2 

JAN 

3.31 

89 

77 

72 

66 

55 

47 

37 

27 

7 

0 

0 

0 

FEB 

(4.16) 

94 

83 

74 

68 

60 

52 

44 

34 

24 

9 

0 

0 

MAR 

(4.26) 

94 

81 

70 

62 

53 

43 

37 

26 

15 

5 

1 

0 

APR 

(5.29) 

95 

87 

79 

71 

64 

54 

45 

34 

17 

3 

0 

0 

MAY 

5.51 

95 

89 

84 

78 

69 

58 

42 

22 

3 

0 

0 

0 

JUN 

4.71 

93 

85 

76 

65 

56 

46 

32 

18 

2 

0 

0 

0 

JUL 

5.20 

94 

89 

81 

73 

62 

53 

41 

22 

1 

0 

0 

0 

AUG 

(4.84) 

92 

84 

77 

70 

60 

52 

42 

29 

14 

1 

0 

0 

SEP 

4.36 

92 

80 

72 

65 

56 

49 

39 

29 

15 

3 

0 

0 

OCT 

4.27 

88 

80 

72 

67 

60 

54 

44 

32 

15 

0 

0 

0 

NOV 

3.35 

84 

76 

71 

63 

54 

45 

33 

20 

6 

0 

0 

0 

DEC 

(2.20) 

82 

69 

59 

49 

36 

22 

14 

4 

0 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for : 

PLENTYUOOE 

1, MONTANA 

1981 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7  : 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

2.94 

80 

61 

56 

61 

46 

38 

35 

27 

12 

1 

0 

0 

FEB 

4.12 

94 

86 

80 

70 

65 

56 

46 

31 

21 

10 

0 

0 

MAR 

5.50 

94 

89 

83 

77 

70 

63 

55 

45 

35 

17 

1 

0 

APR 

5.05 

96 

89 

80 

71 

61 

54 

44 

31 

19 

4 

0 

0 

MAY 

(3.76) 

86 

74 

62 

49 

36 

28 

16 

6 

1 

0 

0 

0 

JUN 

4.66 

91 

82 

72 

63 

56 

44 

29 

11 

0 

0 

0 

0 

JUL 

(5.17) 

95 

90 

84 

76 

67 

55 

39 

18 

5 

1 

0 

0 

AU6 

5.07 

96 

91 

83 

76 

67 

56 

42 

25 

5 

0 

0 

0 

SEP 

4.84 

92 

86 

80 

72 

64 

55 

47 

32 

15 

1 

0 

0 

OCT 

3.76 

86 

77 

71 

62 

56 

45 

35 

23 

1 1 

1 

0 

0 

NOV 

(2.96) 

77 

60 

53 

50 

45 

40 

32 

18 

2 

0 

0 

0 

DEC 

2.32 

82 

60 

52 

46 

40 

33 

24 

17 

0 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for : 

PLENTYUOOD, MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

MONTH 

KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAM 

2.67 

93 

71 

59 

50 

42 

33 

24 

13 

3 

0 

0 

0 

FEB 

(3.76) 

95 

81 

71 

60 

53 

44 

37 

27 

14 

0 

0 

0 

MAR 

(4.56) 

93 

83 

72 

62 

54 

46 

40 

32 

24 

10 

1 

0 

APR 

(4.61 ) 

95 

82 

72 

63 

55 

47 

38 

29 

18 

4 

0 

0 

MAY 

JIJN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


<4. 136) 
3.74 
(2.99) 
(1.67) 


92  86  77  69  61  53  41  31  13  1 0 0 

82  73  64  69  63  46  37  28  14  1 0 0 

84  72  66  60  62  40  30  17  7 0 0 0 

78  46  37  31  26  19  12  3 0 0 0 0 


67 


SOLAR  RADIATION  lATA  ton  P0L80N,H0HTAMA  1977 
Montana  Dopartntni  of  Natural  Rasourcei  and  Coniervation 


conpilod  byt 

FowlRtf  Ensinaering, 

Bozenan, 

Ht. 

DAILY  AVERAOE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/8M) 

MONTH 

KUH/8M/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  >.7 

>.8  > 

.9 

>1.0 

>1.1 

>1.2 

JAN 

(1.96) 

AS 

51 

35 

29 

27 

16 

12 

6 

2 

0 

0 

0 

FEB 

(2.75) 

74 

62 

S3 

46 

38 

32 

26 

20 

11 

4 

0 

0 

HAR 

3.01 

86 

70 

58 

48 

37 

30 

25 

18 

13 

7 

0 

0 

APR 

5.19 

94 

88 

78 

72 

61 

52 

43 

33 

17 

2 

0 

0 

MAY 

4.00 

92 

78 

A6 

56 

46 

37 

27 

17 

6 

1 

0 

0 

JUN 

4.67 

93 

84 

75 

66 

56 

44 

33 

15 

0 

0 

0 

0 

JUL 

4.53 

92 

82 

73 

64 

54 

45 

34 

23 

3 

0 

0 

0 

AU6 

4.95 

92 

86 

77 

69 

62 

56 

47 

35 

12 

0 

0 

0 

SEP 

3.97 

87 

77 

A8 

63 

52 

43 

33 

24 

16 

2 

0 

0 

OCT 

4.07 

88 

80 

73 

65 

58 

48 

41 

31 

20 

5 

0 

0 

NOV 

(2.30) 

78 

63 

57 

52 

42 

36 

27 

21 

12 

3 

0 

0 

DEC 

(1.59) 

A5 

41 

31 

24 

22 

20 

18 

14 

10 

2 

0 

0 

SOLAR  RADIATION  DATA  for: 

DAILY  AVERAGE  PER  CENT 

POLSON, MONTANA  1978 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  : 

>.9 

>1 .0 

>1.1 

>1 .2 

JAN 

1.33 

80 

34 

22 

14 

10 

7 

6 

5 

3 

2 

0 

0 

FEB 

2.77 

90 

72 

54 

44 

34 

27 

20 

14 

11 

5 

0 

0 

HAR 

4.65 

93 

83 

72 

65 

59 

52 

45 

37 

27 

15 

6 

1 

APR 

4.16 

93 

80 

67 

59 

49 

39 

31 

20 

10 

1 

0 

0 

MAY 

3.51 

87 

72 

57 

48 

36 

27 

21 

14 

4 

1 

0 

0 

JUN 

4.81 

91 

85 

78 

71 

64 

54 

42 

25 

3 

1 

0 

0 

JUL 

(4.98) 

94 

89 

82 

74 

65 

56 

45 

28 

1 

0 

0 

0 

AUG 

4.65 

92 

84 

75 

66 

58 

50 

42 

28 

8 

1 

0 

0 

SEP 

(3.75) 

87 

70 

59 

52 

46 

40 

32 

27 

16 

3 

0 

0 

OCT 

4.74 

94 

88 

82 

75 

68 

57 

52 

40 

23 

4 

0 

0 

NOV 

2.22 

69 

52 

43 

39 

34 

28 

23 

16 

9 

1 

1 

0 

BEC 

1.79 

70 

48 

38 

34 

30 

26 

19 

10 

6 

1 

0 

0 

SOLAR  RADIATION  DATA  for: 

DAILY  AVERAGE  PER  CENT 

POLSON, HONTANA  1979 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SH) 

MONTH 

KWH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8  ; 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(2.32) 

92 

62 

49 

40 

37 

30 

25 

17 

7 

1 

0 

0 

FEB 

(2.25) 

88 

56 

39 

31 

23 

20 

15 

12 

9 

6 

0 

0 

MAR 

4.56 

93 

83 

73 

64 

54 

50 

42 

36 

27 

10 

1 

0 

APR 

3.89 

90 

78 

66 

58 

47 

40 

31 

20 

11 

2 

0 

0 

HAY 

(4.53) 

91 

79 

68 

59 

50 

44 

33 

22 

6 

0 

0 

0 

JUN 

JUL 

AU6 

(4.61 ) 

93 

83 

# 

77 

68 

60 

53 

46 

39 

15 

0 

0 

0 

SEP 

5.64 

97 

94 

89 

84 

74 

67 

57 

44 

26 

1 

0 

0 

OCT 

3.66 

81 

73 

66 

60 

52 

45 

36 

27 

15 

2 

0 

0 

NOV 

1.50 

47 

36 

29 

24 

22 

17 

15 

9 

5 

0 

0 

0 

DEC 

(1.11) 

52 

37 

30 

22 

16 

12 

8 

5 

2 

0 

0 

0 
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SOLAR  RADIATION  DATA  fori  POLSON,HOHTAMA  1980 


Montana  Departnent  of  Natural  Retources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Dozefian,  Nt. 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

<KU/SH) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

2.34 

73 

56 

47 

44 

40 

31 

24 

18 

8 

0 

0 

0 

FEB 

2.27 

80 

55 

44 

33 

27 

21 

17 

11 

7 

4 

0 

0 

MAR 

3.39 

90 

74 

61 

48 

40 

35 

27 

20 

12 

5 

1 

0 

APR 

4.52 

90 

79 

69 

62 

54 

46 

38 

28 

14 

1 

0 

0 

MAY 

4.08 

87 

77 

64 

57 

49 

41 

32 

23 

5 

0 

0 

0 

JUN 

4.39 

91 

80 

70 

59 

53 

42 

31 

17 

0 

0 

0 

0 

JUL 

4.99 

94 

86 

79 

70 

63 

51 

40 

26 

1 

0 

0 

0 

AUG 

<4.87) 

94 

85 

78 

72 

64 

56 

44 

32 

12 

0 

0 

0 

SEP 

4.20 

89 

78 

71 

64 

57 

45 

37 

28 

16 

1 

0 

0 

OCT 

<4.10) 

91 

78 

72 

64 

58 

49 

40 

33 

19 

0 

0 

0 

NOV 

<1.49) 

A1 

47 

38 

33 

26 

18 

11 

6 

1 

0 

0 

0 

DEC 

<1.30) 

48 

40 

34 

27 

22 

20 

16 

9 

3 

0 

0 

0 

SOLAR  RADIATION  DATA  for:  POLSON , MONTANA  1981 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

< .63) 

26 

17 

15 

12 

8 

5 

3 

2 

2 

0 

0 

0 

FEB 

2.37 

71 

51 

43 

37 

32 

27 

21 

17 

11 

3 

0 

0 

MAR 

4.38 

89 

77 

69 

62 

56 

49 

41 

32 

23 

10 

0 

0 

APR 

4.46 

94 

80 

71 

62 

55 

47 

37 

27 

18 

5 

1 

0 

MAY 

3.85 

90 

77 

64 

53 

45 

33 

23 

13 

3 

0 

0 

0 

JUN 

3.79 

87 

72 

60 

50 

41 

32 

19 

9 

1 

0 

0 

0 

JUL 

5.14 

95 

91 

83 

76 

66 

55 

41 

23 

1 

0 

0 

0 

AUG 

5.48 

95 

89 

83 

77 

69 

61 

51 

30 

4 

0 

0 

0 

SEP 

5.06 

92 

88 

82 

76 

69 

61 

50 

38 

23 

3 

0 

0 

OCT 

2.99 

83 

67 

53 

45 

40 

33 

29 

21 

13 

1 

0 

0 

NOV 

<2.47) 

73 

68 

61 

49 

41 

34 

26 

16 

6 

0 

0 

0 

DEC 

1.62 

59 

46 

40 

33 

27 

22 

18 

13 

6 

0 

0 

0 

SOl.AR  RADIATION 

DATA  for: 

POLSON, MONTANA 

1982 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

<KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

1.17 

64 

31 

17 

13 

11 

8 

6 

4 

3 

1 

0 

0 

FEB 

<2.72) 

78 

60 

46 

39 

35 

32 

27 

23 

17 

5 

0 

0 

MAR 

3.17 

85 

73 

62 

51 

47 

38 

30 

21 

13 

4 

1 

0 

APR 

4.42 

93 

83 

72 

64 

55 

46 

38 

27 

14 

2 

0 

0 

MAY 

4.32 

87 

76 

66 

59 

49 

42 

32 

21 

5 

0 

0 

0 

JUN 

<4.59) 

93 

82 

74. 

66 

57 

46 

30 

13 

0 

0 

0 

0 

JUL 

<4.55) 

93 

83 

73 

65 

54 

43 

33 

16 

1 

0 

0 

0 

AUG 

4.76 

94 

87 

77 

70 

61 

50 

40 

24 

3 

0 

0 

0 

SEP 

4.55 

87 

80 

74 

66 

58 

51 

43 

29 

15 

1 

0 

0 

OCT 

2.75 

80 

65 

55 

50 

42 

34 

25 

15 

7 

1 

0 

0 

NOV 

1.80 

63 

42 

37 

30 

24 

19 

15 

9 

4 

0 

0 

0 

DEC 

<1.06) 

56 

39 

26 

20 

13 

7 

2 

0 

0 

0 

0 

0 
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RED  LODGE  NOT  INSTRUMENTED  IN  1977 


REDL06E??1978  SOLAR  RADIATION  DATA  for:  REDLOD6E,HONTANA  1978 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 

MONTH  KUH/SH/DAY  >.1  >.2  >.3  >.4  >.5  >.6  >.?  >.8  >.9  >1.0  >1.1  >1.2 


JAN 


FEB 

(3.60) 

88 

69 

62 

51 

47 

42 

38 

29 

23 

18 

4 

0 

HAR 

4.76 

89 

81 

74 

65 

59 

52 

44 

34 

27 

14 

3 

0 

APR 

(3.37) 

83 

71 

61 

49 

39 

34 

27 

20 

12 

3 

0 

0 

MAY 

3.59 

85 

67 

57 

48 

41 

35 

24 

15 

7 

1 

0 

0 

JUN 

(3.92) 

91 

79 

64 

51 

43 

35 

28 

17 

o 

0 

0 

0 

JUL 

4.29 

88 

78 

70 

61 

54 

45 

35 

23 

6 

0 

0 

0 

AUG 

(4.56) 

90 

79 

72 

64 

60 

52 

44 

31 

12 

1 

1 

1 

SEP 

(4.70) 

91 

82 

75 

67 

56 

48 

39 

31 

21 

6 

2 

0 

OCT 

(5.22) 

97 

93 

89 

83 

75 

66 

57 

44 

25 

3 

0 

0 

NOV 

3.42 

90 

72 

64 

57 

50 

42 

33 

24 

16 

3 

0 

0 

DEC 

3.18 

93 

82 

75 

65 

58 

50 

40 

29 

11 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

1 REDLOpGE, 

MONTANA 

1979 

DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  1 

rHRESHOLD 

(KU/SM) 

MONTH 

KUH/8M/DAY 

>.t 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>,9 

>1  .0 

>1.1 

>1.2 

JAN 

3.79 

95 

83 

69 

63 

57 

53 

44 

35 

24 

6 

0 

0 

FEB 

4.05 

95 

85 

76 

68 

58 

50 

42 

31 

20 

6 

0 

0 

MAR 

(4.44) 

92 

81 

73 

65 

58 

51 

43 

31 

19 

8 

1 

0 

APR 

4.35 

93 

81 

70 

63 

54 

46 

34 

23 

10 

1 

0 

0 

MAY 

4.28 

89 

77 

67 

58 

49 

40 

30 

19 

3 

0 

0 

0 

JUN 

4.68 

93 

85 

77 

• 66 

57 

46 

34 

17 

1 

0 

0 

0 

JUL 

4.63 

92 

84 

76 

68 

59 

49 

36 

21 

2 

0 

0 

0 

AUG 

(4.28) 

89 

79 

69 

62 

56 

46 

36 

24 

9 

1 

0 

0 

SEP 

5.83 

97 

93 

88 

84 

77 

70 

60 

50 

36 

11 

1 

0 

OCT 

4.3? 

88 

81 

75 

69 

60 

52 

44 

35 

24 

8 

2 

0 

NOV 

4.04 

93 

81 

74 

68 

62 

53 

44 

36 

25 

9 

1 

0 

DEC 

3.38 

89 

80 

75 

69 

60 

54 

43 

33 

13 

0 

0 

0 
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SOLAR  RADIATION  DATA  fora  REDLODOE, MONTANA  1980 

Montana  Departnent  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Engineering,  Bozenan,  Mt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KWH/SM/DAY 

>.l 

CM 

• 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

3.34 

91 

75 

63 

60 

52 

44 

34 

25 

17 

4 

0 

0 

FEB 

3.73 

94 

83 

71 

60 

53 

40 

34 

26 

19 

9 

1 

0 

MAR 

4.16 

94 

79 

67 

58 

50 

42 

32 

26 

18 

8 

1 

0 

APR 

(5.30) 

97 

91 

82 

75 

67 

55 

47 

36 

20 

3 

1 

0 

MAY 

4.00 

91 

79 

69 

56 

44 

35 

23 

14 

2 

0 

0 

0 

JUN 

4.57 

93 

83 

75 

67 

58 

48 

34 

17 

0 

0 

0 

0 

JUL 

4.42 

94 

87 

79 

70 

61 

48 

33 

19 

2 

0 

0 

0 

AUG 

4.24 

91 

80 

69 

61 

53 

43 

36 

24 

8 

0 

0 

0 

SEP 

4.48 

93 

79 

70 

63 

57 

51 

43 

33 

22 

5 

1 

0 

OCT 

4.84 

93 

83 

74 

67 

61 

54 

47 

39 

28 

10 

0 

0 

NOV 

3.32 

85 

69 

61 

54 

47 

41 

34 

27 

19 

9 

1 

0 

DEC 

2.56 

82 

67 

59 

53 

46 

36 

25 

19 

9 

0 

0 

0 

SOLAR  RADIATION 

DATA 

for 

REDLODGE, 

MONTANA 

1981 

DAILY  AVERAGE 

PER  C 

:ent 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1.1 

>1 .2 

JAN 

4.26 

93 

85 

78 

74 

68 

63 

54 

43 

28 

9 

1 

0 

FEB 

(4.67) 

97 

91 

80 

72 

65 

57 

48 

38 

30 

18 

5 

0 

MAR 

5.34 

95 

87 

79 

72 

66 

58 

51 

42 

33 

21 

9 

4.. 

0 

APR 

4.82 

95 

85 

76 

67 

58 

48 

40 

30 

20 

6 

1 

0 

MAY 

3.49 

87 

72 

60 

46 

35 

26 

18 

9 

3 

0 

0 

0 

JiJN 

4.34 

92 

81 

71 

60 

51 

41 

29 

13 

1 

0 

0 

0 

JUL 

4.53 

90 

82 

76 

67 

58 

48 

36 

19 

2 

0 

0 

0 

AUG 

(5.02) 

95 

89 

83 

73 

67 

60 

47 

30 

6 

0 

0 

0 

SEP 

5.14 

94 

87 

81 

76 

68 

62 

51 

39 

19 

2 

0 

0 

OCT 

3.84 

88 

74 

61 

55 

50 

44 

35 

27 

17 

7 

1 

0 

NOV 

4.14 

92 

87 

82 

77 

66 

59 

50 

38 

23 

5 

0 

0 

DEC 

3.14 

93 

82 

73 

65 

58 

49 

40 

28 

15 

3 

0 

0 

SOLAR  RADIATION  DATA  for:  REDLODGE, MONTANA  1982 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  <KU/SM) 


MONTH 

KWH/SM/DAY 

>.1 

CM 

• 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

2.83 

90 

70 

60 

53 

47 

40 

29 

21 

11 

2 

0 

0 

FEB 

4.28 

92 

85 

75 

66 

60 

52 

43 

35 

23 

8 

0 

0 

MAR 

4.08 

92 

77 

68 

59 

50 

44 

34 

26 

16 

8 

2 

0 

APR 

4.78 

93 

84 

75 

67 

57 

49 

40 

30 

14 

5 

1 

0 

MAY 

(3.78) 

89 

74 

62 

49 

40 

31 

22 

12 

1 

0 

0 

0 

JUN 

3.67 

87 

74 

60 

• 49 

40 

30 

17 

6 

0 

0 

0 

0 

JUL 

4.34 

92 

83 

72 

64 

53 

41 

28 

16 

2 

0 

0 

0 

AUG 

(4.68) 

94 

86 

79 

70 

62 

53 

40 

25 

10 

1 

0 

0 

SEP 

4.65 

92 

78 

70 

64 

55 

48 

40 

32 

20 

4 

0 

0 

OCT 

4.65 

96 

86 

80 

74 

66 

59 

50 

39 

25 

10 

1 

0 

NOV 

3.57 

91 

79 

73 

67 

60 

50 

39 

27 

17 

3 

0 

0 

DEC 

2.59 

88 

70 

61 

49 

42 

32 

24 

15 

2 

0 

0 

0 

71 


SimEY  NOT  INSTRUMENTED  IN  1977 


SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for: 

PER  CENT 

SIDNEY, MONTANA  1978 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2  > 

.3 

>.4  > 

.5 

> . 6 

>.7 

>.8 

>.9 

>1.0 

>1.1  >1 

JAN 

FEB 

(4.5/6) 

97 

92 

81 

71 

62 

50 

44 

37 

30 

21 

2 

HAN 

(4.74) 

97 

89 

79 

67 

58 

50 

43 

36 

27 

14 

4 

APR 

(3.44) 

82 

61 

53 

46 

41 

36 

32 

25 

16 

5 

1 

MAT 

(3.66) 

86 

71 

62 

55 

49 

43 

36 

24 

3 

0 

0 

JliN 

(4.04) 

91 

76 

67 

59 

54 

48 

39 

23 

6 

1 

0 

JUL 

AUG 

SEP 

OCT 

NOV 

(2.84) 

79 

57 

49 

47 

43 

40 

32 

23 

14 

0 

0 

DEC 

(2.09) 

78 

60 

48 

40 

33 

24 

15 

6 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for: 

PER  CENT 

SIDNEY, MONTANA  1979 

TOTAL  ENERGY  ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SH/DAY 

>.1 

>.2  > 

.3 

>.4  ) 

,5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1  >1 

JAN 

3.52 

96 

85 

74 

69 

59 

49 

37 

27 

11 

0 

0 

FEB 

(3.51 ) 

93 

77 

58 

50 

43 

36 

31 

26 

21 

7 

1 

MAR 

(4.66) 

94 

83 

74 

64 

55 

50 

46 

37 

27 

13 

1 

AfR 

(4.07) 

87 

74 

65 

60 

47 

38 

29 

20 

12 

2 

0 

HAY 

(3.95) 

89 

75 

61 

55 

46 

37 

27 

16 

1 

0 

0 

JtJN 

(4.45) 

94 

83 

72‘ 

63 

51 

38 

26 

13 

1 

0 

0 

JUL 

4.59 

93 

83 

74 

66 

57 

45 

36 

21 

1 

0 

0 

AUG 

(4.87) 

95 

85 

78 

71 

61 

51 

41 

30 

7 

0 

0 

SEP 

5.65 

96 

91 

86 

81 

75 

68 

57 

45 

30 

1 

0 

OCT 

(4.21) 

93 

84 

76 

68 

59 

50 

42 

32 

18 

2 

0 

NOU 

2.83 

87 

75 

62 

51 

46 

37 

27 

16 

1 

0 

0 

DEC 

(2.83) 

82 

75 

68 

63 

52 

40 

30 

18 

0 

0 

0 

.2 

0 

1 

0 

0 

0 

0 

0 

t 

.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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SOLAR  RADIATION  DATA  for:  SIDNEY, MORTARA  1980 

Roniana  Department  of  Natural  Resources  and  Conservation 
compiled  by:  Fowlkes  Ensineering,  Bozenan,  Nt. 


DAILY  AVERAGE 

PER  CENT 

NORTH 

KUH/SN/DAY 

>.1 

>.2 

>.3 

JAR 

3.22 

87 

76 

69 

FEB 

3.53 

83 

71 

62 

HAR 

(4.54) 

96 

88 

76 

APR 

NAY 

JUR 

(4.57) 

93 

84 

77 

JUL 

4.45 

92 

82 

73 

AU6 

(4.09) 

86 

76 

68 

SEP 

4.21 

89 

78 

68 

OCT 

(4.<S1 ) 

89 

81 

76 

NOV 

3.24 

90 

78 

70 

DEC 

(2.27) 

86 

67 

61 

SOLAR  RADIATION 

DATA  for: 

DAILY  AVERAGE 

PER  CENT 

NORTH 

KUH/SN/DAY 

>.1 

>.2 

>.3 

JAR 

FEB 

(3.86) 

93 

83 

74 

RAR 

(5.53) 

91 

87 

84 

APR 

4.43 

94 

83 

71 

MAY 

(3.73) 

82 

65 

59 

JUR 

JUL 

AUG 

SEP 

(4.46) 

82 

80 

73 

OCT 

3.69 

87 

76 

67 

NOV 

(4.63) 

96 

88 

84 

DEC 

SOLAR  RADIATION 

DATA  for: 

DAILY  AVERAGE 

PER  CERT 

NORTH 

KUH/SN/DAY 

>.1 

>.2 

>.3 

JAR 

(1.81) 

75 

56 

45 

FEB 

2.57 

87 

70 

61 

MAR 

(3.39) 

89 

70 

60 

APR 

(3.91 ) 

91 

79 

63 

MAY 

JUR 

JUL 

AUG 

SEP 

OCT 

NOV 

2.92 

89 

79 

69 

DEC 

1.80 

71 

55 

44 

TOTAL  ENER6Y  ABOVE  THRESHOLD  <KU/SM) 


>.4 

>.5 

>.6 

>.7 

00 

• 

>.9 

>1  .0 

>1.1 

>1.2 

59 

52 

42 

32 

20 

8 

0 

0 

0 

55 

48 

42 

32 

27 

19 

3 

1 

0 

68 

60 

53 

41 

31 

20 

8 

1 

0 

68 

54 

44 

29 

14 

0 

0 

0 

0 

65 

54 

44 

31 

10 

1 

0 

0 

0 

60 

50 

39 

32 

21 

6 

0 

0 

0 

62 

56 

48 

37 

27 

13 

1 

0 

0 

71 

63 

54 

46 

36 

22 

0 

0 

0 

62 

53 

44 

36 

23 

9 

1 

0 

0 

55 

40 

32 

23 

13 

2 

0 

0 

0 

SIDNEr,RONTANA  1981 


TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SH) 


.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

68 

60 

52 

43 

31 

19 

5 

0 

0 

79 

73 

66 

56 

46 

33 

8 

0 

0 

60 

54 

48 

38 

27 

11 

2 

0 

0 

53 

45 

36 

25 

10 

0 

0 

0 

0 

70 

61 

56 

46 

32 

15 

2 

0 

0 

59 

50 

41 

34 

25 

9 

0 

0 

0 

78 

70 

62 

52 

40 

12 

0 

0 

0 

SIDNEY, HONTANA  1982 

TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0  >1.1 

>1 .; 

40 

30 

22 

16 

8 

3 

0 

0 

0 

53 

44 

36 

29 

19 

7 

0 

0 

0 

51 

42 

36 

30 

22 

12 

4 

0 

0 

49 

42 

35 

28 

20 

11 

6 

2 

1 

62 

50 

39 

29 

15 

4 

0 

0 

0 

36 

26 

18 

11 

4 

0 

0 

0 

0 

THOMPSON  PALLS  NOT  INSTRUMENTED  IN  1977 


SOLAR  RADIATION 

DATA  for: 

THOMPSON 

FALLS, MONTANA 

1978 

DAILY  AVERAGE 

PER  ( 

:ent 

TOTAL 

. ENERGY 

ABOUE 

THRESHOLD 

(KU/SM) 

MONTH 

KOH/SM/DAY 

>.1 

>.2 

>.3 

>.4  > 

‘.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

FEB 

(2.21) 

74 

53 

41 

34 

29 

23 

18 

16 

10 

2 

0 

0 

MAR 

(3.41) 

88 

69 

57 

48 

43 

37 

32 

27 

20 

10 

3 

0 

APR 

(3.56) 

92 

77 

63 

52 

44 

35 

27 

17 

8 

1 

0 

0 

HAY 

3.22 

90 

66 

50 

41 

35 

30 

24 

16 

9 

4 

0 

1 

JUN 

(4.62) 

91 

82 

74 

66 

56 

47 

37 

26 

4 

0 

0 

0 

JUL 

(4.42) 

91 

81 

73 

63 

54 

45 

36 

20 

2 

0 

0 

0 

AUG 

SEP 

(3.42) 

75 

64 

56 

48 

40 

34 

27 

21 

12 

2 

0 

0 

OCT 

(4.47) 

94 

86 

81 

76 

66 

57 

47 

32 

14 

1 

0 

0 

NOV 

2.02 

65 

49 

39 

35 

31 

25 

18 

11 

4 

0 

0 

0 

DEC 

(1.39) 

53 

35 

29 

25 

19 

15 

13 

7 

3 

1 

0 

0 

SOLAR  RADIATION 

DATA  for: 

THOMPSON 

FALLS, MONTANA 

1979 

DAILY  AVERAGE 

PER  1 

DENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6  : 

>.7 

>.8 

>.9 

>1.0 

>1  .1 

>1 . 

JAN 

(2.07) 

82 

71 

60 

55 

48 

38 

31 

22 

7 

1 

0 

0 

FED 

(1.89) 

79 

53 

36 

29 

17 

14 

10 

7 

4 

1 

0 

0 

MAR 

4.42 

93 

80 

69 

62 

58 

50 

42 

33 

22 

10 

1 

0 

APR 

3.90 

91 

77 

65 

59 

50 

40 

30 

19 

10 

3 

0 

0 

MAY 

(4.12) 

91 

79 

68 

57 

46 

37 

26 

13 

1 

0 

0 

0 

JUN 

JUL 

AUG 

SEP 

(4.69) 

93 

86 

75* 

66 

57 

48 

38 

25 

5 

0 

0 

0 

OCT 

NOU 

DEC 

(3.11) 

86 

71 

59 

50 

44 

36 

32 

23 

10 

3 

0 

0 
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SOLAR  RADIATION  DATA  for:  THOMPSON  FALLS, MONTANA  1980 


Montana  Departnent  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Bozenan,  Mt. 


DAILY  AVERAGE  PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

• 

GO 

>.9 

>1 .0 

>1.1 

>1.2 

JAN 

(4.03) 

95 

85 

79 

71 

64 

52 

41 

30 

15 

0 

0 

0 

FEB 

2.13 

77 

48 

38 

30 

25 

18 

14 

to 

6 

2 

0 

0 

MAR 

(2.68) 

86 

62 

46 

37 

30 

24 

17 

9 

6 

2 

0 

0 

APR 

(4.58) 

94 

83 

73 

63 

52 

43 

35 

27 

14 

0 

0 

0 

NAY 

JUN 

(3.97) 

89 

71 

62 

50 

41 

32 

27 

19 

6 

0 

0 

0 

JUL 

4.57 

93 

85 

76 

68 

58 

47 

35 

18 

1 

0 

0 

0 

AUG 

(4.63) 

93 

84 

75 

66 

58 

48 

36 

25 

1 1 

1 

0 

0 

SEP 

4.02 

91 

79 

70 

64 

53 

43 

35 

25 

12 

1 

0 

0 

OCT 

3.86 

87 

75 

68 

64 

59 

54 

44 

31 

15 

0 

0 

0 

NOV 

1.49 

64 

47 

35 

28 

23 

17 

13 

7 

1 

0 

0 

0 

DEC 

( .67) 

31 

20 

14 

12 

6 

5 

3 

1 

0 

0 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  THOMPSON  FALLS, MONTANA  1981 

PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD 

(KW/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

> . 6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

1.49 

62 

46 

38 

31 

24 

21 

14 

5 

1 

0 

0 

0 

FEB 

(2.64) 

79 

61 

53 

43 

37 

31 

26 

18 

9 

4 

1 

0 

MAR 

4.15 

89 

74 

66 

58 

52 

45 

40 

31 

20 

8 

0 

0 

APR 

(4.02) 

92 

77 

66 

55 

45 

39 

31 

23 

12 

2 

1 

0 

MAY 

3.21 

87 

69 

54 

40 

29 

20 

12 

6 

0 

0 

0 

0 

JUN 

3.62 

87 

67 

56 

45 

36 

27 

20 

15 

3 

0 

0 

0 

JUL 

5.03 

94 

89 

82 

75 

67 

55 

45 

27 

3 

0 

0 

0 

AUG 

5.24 

95 

89 

84 

79 

71 

63 

53 

35 

10 

1 

0 

0 

SEP 

(5.18) 

96 

91 

83 

75 

68 

60 

50 

39 

20 

1 

0 

0 

OCT 

HOV 

DEC 


SOLAR  RADIATION  DATA  for:  THOMPSON  FALLS, MONTANA  1982 


DAILY  AVERAGE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SM) 

MONTH 

KUH/SM/DAY 

>.1 

>.2 

>.3 

>.4  >.5 

>.6 

>.7  >.8 

>.9  >1.0 

>1.1  >1 

.2 

JAN 

(1.07) 

49 

33 

25 

21  14 

8 

3 1 

0 0 

0 

0 

FEB 

MAR 

APR 

(4.39) 

95 

87 

77 

65  53 

43 

33  20 

5 1 

0 

0 

MAY 

3.80 

90 

75 

60 

49  41 

34 

24  1 4 

2 0 

0 

0 

JON 

JIJL 

AUG 

SEP 

OCT 

NOV 

DEC 
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SOLAR  RADIATION  DATA  fopi  WEST  VELLOWSTORE,AONTAIIA  1977 

Nontana  Dapartnent  of  Natural  Retourcet  and  Conservation 
conpiled  byi  Fowlkes  Engineering,  Bozenan,  Mt. 


DAILY  AVERASE 

PER  CENT 

TOTAL  ENERGY 

ABOVE  THRESHOLD 

(KU/SN) 

HONTH 

KUN/SH/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

<A.98) 

98 

95 

86 

80 

76 

67 

62 

53 

40 

21 

3 

0 

FEB 

5.14 

97 

89 

81 

76 

69 

62 

53 

43 

34 

22 

4 

0 

NAR 

3.92 

95 

84 

70 

56 

43 

33 

25 

20 

13 

7 

1 

0 

APR 

<5.17) 

91 

85 

80 

73 

66 

59 

48 

36 

20 

3 

0 

0 

HAY 

(3.54) 

91 

78 

65 

52 

40 

28 

17 

9 

3 

0 

0 

0 

JON 

4.60 

94 

87 

78 

70 

61 

48 

37 

14 

2 

0 

0 

0 

JUL 

(4.76) 

95 

87 

77 

69 

58 

46 

34 

21 

1 

0 

0 

0 

AU6 

(3.27) 

93 

83 

55 

42 

32 

22 

15 

13 

6 

2 

0 

0 

SEP 

(4.77) 

92 

84 

77 

67 

60 

53 

46 

37 

24 

5 

1 

0 

OCT 

(5.34) 

97 

93 

•6 

79 

70 

63 

53 

39 

27 

9 

0 

0 

NOV 

(2.55) 

80 

65 

50 

42 

38 

31 

23 

16 

10 

6 

1 

0 

DEC 

(2.09) 

72 

55 

44 

41 

34 

28 

24 

20 

15 

7 

1 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  WEST 

PER  CENT 

YELLOWSTONE, 

TOTAL  ENERGY 

MONTANA  1978 

ABOVE  THRESHOLD 

(KW/SM) 

NONTH 

KUH/SH/DAY 

>.) 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1.2 

JAN 

(1.37) 

76 

39 

22 

17 

14 

13 

11 

8 

6 

1 

1 

0 

FEB 

(3.30) 

91 

73 

62 

50 

44 

38 

32 

25 

19 

13 

5 

0 

HAR 

4.81 

95 

85 

75 

69 

63 

55 

46 

38 

26 

13 

3 

0 

APR 

4.20 

95 

86 

73 

60 

47 

38 

29 

22 

15 

4 

1 

0 

MAY 

3.76 

91 

79 

64 

52 

41 

33 

21 

13 

3 

1 

0 

0 

JUN 

4.64 

93 

86 

77 

68 

59 

49 

35 

12 

2 

0 

0 

0 

JUL 

(4.60) 

94 

86 

78 

67 

57 

48 

35 

17 

1 

0 

0 

0 

AU6 

SEP 

(5.78) 

96 

88 

83 

78 

73 

67 

59 

48 

36 

1 1 

1 

0 

OCT 

5.78 

97 

94 

90 

85 

78 

71 

61 

51 

36 

12 

0 

0 

NOV 

2.70 

80 

61 

51 

45 

38 

33 

28 

23 

16 

4 

0 

0 

BEC 

2.88 

77 

64 

55 

50 

43 

38 

32 

23 

12 

3 

0 

0 

SOLAR  RADIATION 

DAILY  AVERAGE 

DATA  for:  WEST 

PER  CENT 

YELLOWSTONE,  1 

TOTAL  ENERGY 

MONTANA  1979 

ABOVE  THRESHOLD 

(KW/SH) 

HONTH 

KUH/SH/DAY 

>.l 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1.0 

>1.1 

>1 .2 

JAN 

(3.67) 

87 

72 

62 

57 

52 

48 

44 

36 

29 

17 

2 

0 

FEB 

2.86 

90 

70 

51 

43 

34 

27 

22 

18 

14 

10 

5 

0 

MAR 

5.10 

94 

84 

74 

67 

60 

53 

47 

39 

31 

20 

7 

2 

APR 

(5.32) 

96 

91 

85 

75 

65 

56 

45 

31 

17 

2 

0 

0 

HAY 

(4.91) 

94 

87 

77 

66 

56 

46 

37 

23 

7 

1 

0 

0 

JUN 

(4.55) 

93 

85 

77 

* 66 

56 

45 

30 

12 

0 

0 

0 

0 

JUL 

5.07 

95 

89 

83 

75 

66 

56 

44 

27 

1 

0 

0 

0 

AUG 

4.49 

91 

83 

75 

69 

61 

52 

42 

31 

12 

1 

0 

0 

SEP 

6.09 

98 

95 

91 

87 

80 

73 

62 

50 

31 

3 

0 

0 

OCT 

(4.33) 

90 

80 

73 

66 

60 

52 

44 

35 

23 

5 

0 

0 

NOV 

(2.33) 

66 

56 

48 

42 

36 

30 

27 

17 

13 

9 

7 

3 

DEC 

(3.07) 

79 

62 

58 

55 

51 

49 

45 

32 

21 

8 

0 

0 

76 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTH 

JAN 

FEB 

HAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


MONTH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 


SOLAR  RADIATION  DATA  for:  WEST  YELLOWSTONE, MONTANA  1980 

Montana  OepartAont  of  Natural  Resources  and  Conservation 
conpiled  by:  Fowlkes  Engineering,  Bozeman,  Mt. 


DAILY  AVERAGE 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KW/SM) 


KWH/SM/DAY 

>.1 

>.2 

>.3 

>.4 

>.5 

>,6 

>.7 

>.8 

>.9 

>1 .0 

>1.1 

>1. 

(2.36) 

73 

52 

45 

42 

37 

30 

25 

18 

12 

3 

0 

0 

(3.19) 

85 

64 

55 

48 

41 

34 

29 

24 

18 

12 

4 

0 

(3.87) 

93 

79 

63 

50 

44 

37 

28 

21 

16 

9 

3 

0 

5.17 

96 

90 

83 

76 

67 

57 

43 

33 

21 

5 

1 

0 

(3.74) 

92 

79 

66 

56 

45 

35 

25 

13 

6 

0 

0 

0 

(4.34) 

93 

81 

71 

62 

51 

42 

33 

19 

2 

0 

0 

0 

4.84 

95 

88 

82 

74 

66 

55 

43 

26 

4 

0 

0 

0 

(5.09) 

92 

85 

79 

74 

67 

58 

48 

35 

15 

1 

0 

0 

(4.79) 

95 

88 

82 

74 

67 

55 

49 

37 

25 

8 

1 

0 

4.56 

92 

79 

72 

65 

60 

54 

43 

35 

24 

7 

0 

0 

2.86 

78 

60 

52 

48 

43 

38 

30 

21 

12 

4 

0 

0 

(2.07) 

72 

52 

45 

37 

31 

24 

17 

9 

3 

0 

0 

0 

AR  RADIATION 

DATA  for 

: WEST 

YELLOWSTONE, 

MONTANA 

1981 

DAILY  AVERAGE 
KUH/SM/DAY 

(4.25) 

(3.75) 

(5.18) 
(4.31) 
(3.74) 

4.33 

(5.19) 
(4.93) 

5.26 

(4.06) 

(2.33) 

(1.90) 


DAILY  AVERAGE 
KUH/SM/DAY 

(1.68) 


PER  CENT  TOTAL  ENERGY  ABOVE  THRESHOLD  (KU/SM) 


>.1 

>.2 

>.3 

>.4 

>.5 

>.6  :: 

>.7  : 

>.8 

>.9 

>1 .0 

>1.1 

>1.2 

96 

88 

82 

73 

66 

60 

51 

43 

33 

10 

0 

0 

93 

80 

70 

62 

52 

44 

36 

29 

24 

14 

3 

0 

96 

89 

80 

71 

62 

55 

46 

38 

30 

19 

5 

1 

94 

82 

72 

60 

51 

39 

29 

19 

10 

1 

0 

0 

91 

76 

61 

51 

41 

31 

22 

12 

9 

0 

0 

0 

91 

80 

71 

62 

52 

39 

28 

14 

1 

0 

0 

0 

94 

90 

84 

78 

71 

60 

48 

31 

3 

0 

0 

0 

95 

89 

82 

75 

68 

59 

46 

30 

11 

0 

0 

0 

93 

87 

81 

74 

67 

58 

50 

40 

26 

3 

1 

0 

93 

83 

73 

68 

61 

55 

45 

38 

26 

10 

0 

0 

63 

52 

47 

42 

37 

26 

22 

16 

8 

0 

0 

0 

75 

55 

43 

33 

28 

23 

18 

13 

8 

2 

0 

0 

A for:  1 

WEST 

YELI 

LOWS 

TONE, 

MONTANA 

1982 

PER 

CENT 

TOTAL  ENERGY 

ABOVE 

THRESHOLD 

(KU/SM) 

>.1 

>.2 

>.3 

>.4 

>.5 

>.6 

>.7 

>.8 

>.9 

>1  .0 

>1  .1 

>1 .2 

53 

45 

42 

35 

29 

27 

13 

10 

4 

0 

0 

0 

(3.43) 

93 

82 

66. 

54 

36 

18 

(3.68) 

91 

80 

71 

60 

47 

37 

(2.47) 

84 

61 

51 

43 

34 

28 

1 

25 
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20 
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13 
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SECTION  5 


MUAL  STATIONS,  1977-1982 


2 

RADIATION  (ld/h/M2)  x 317  = RADIATION  (BTU/ft  ) 


% 


MANUAL  SOLAR  MEASUREMENT  STATION 
1977“78  Average  Radiation,  kWh/m^-d, 
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SECTION  6 


CLOUDY  DAY  OCCURBENCE  STATISTICS 


alphabetical  by  station 


These  data  show  the  number  of  exclusive  Occurrences  of  periods 
having  1 CLOUDY  DAY,  2 (successive)  CLOUDY  DAYS,  3 (successive) 
CLOUDY  DAYS,  etc..  Each  cloudy  day  is  only  counted  once. 

The  cloudy  day  occurrence  statistics  can  be  used  to  make  design 
decisions  about  energy  storage  recpiirements  and  back-up  energy 
system  requirements. 


Note; 


The  total  number  of  data-days  during  the  period  are  shown  in 
parentheses  above  each  table  of  occurrence  statistics. 
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ANACONDA  NOT  INSTRUMENTED  IN  1977 


YEAR  R0URD(221  ) 


CLOUDY  DAYS  1 2 3 


OCCURRENCES  11  74 


ANACONDA, 


5 6 7 >7 


0 0 0 0 


1978 


HEATING  SEASON <129) 


1 

2 3 

4 

5 

6 

7 

>7 

8 

7 2 

0 

0 

0 

0 

0 

ANAPONDA  1979 

YEAR  R0UND(313)  ^ ’ HEATING  SEASON(20O) 


CLOUDY  DAYS  1234567  >7  1234567  >7 


OCCURRENCES  19  5101000  18  5101000 


ANACONDA,  1980 

YEAR  R0UND(312)  HEATING  SEASON(221) 


CLOUDY  DAYS  1 2 3 4 5 A 7 >7  1 2 3 4 5 6 7 >7 


OCCURRENCES  20  5500000  18  5500000 


ANACONDA,  1981 

YEAR  R0UND<280)  HEATIN6  SEAS0N(171) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7  1 2 3 4 5 6 7 >7 


OCCURRENCES  19  4010000  19  3010000 


ANACONDA,  1982 

YEAR  R0UND<248)  HEATING  8EA80N(189) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7  . 1 2 3 4 5 6 7 >7 


OCCURRENCES  1812100100  18  11  0 0 0 1 0 0 
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YEAR  R0UND(292) 

BKLINOS, 

19;' 7 

HEATING 

SEASON!  U6) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  15 

5 

0 

0 

0 

0 

0 

0 

12 

5 

0 

0 

0 

0 

0 

0 

BILLINGS, 

i9;'8 

YEAR  R0UND(337) 

HEATING 

SEAS0N(218) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  U 

9 

2 

1 

1 

0 

0 

0 

11 

9 

9 

1 

1 

0 

0 

0 

BILLINGS, 

1979 

YEAR  ROUND<333) 

HEATING 

SEAS0N(22O) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  25 

4 

1 

0 

0 

0 

0 

0 

24 

3 

1 

0 

0 

0 

0 

0 

BILLINGS, 

1980 

YEAR  ROUND(351) 

HEATING 

SEASON <21 7) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  22 

8 

2 

0 

1 

0 

0 

0 

20 

8 

2 

0 

1 

0 

0 

0 

BILLINGS, 

1981 

YEAR  R0UND(307) 

HEATING 

SEASON(173) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

3 

6 

7 

>7 

OCCURRENCES  21 

8 

0 

0 

0 

0 

0 

0 

17 

7 

0 

0 

0 

0 

0 

0 

BILLINGS, 

1982 

YEAR  R0UND(29O) 

HEATING 

SEASON (178) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  25 

7 

2 

0 

0 

0 

0 

0 

22 

6 

1 

0 

0 

0 

0 

0 
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BOZEHAN  1 977 

YEAR  R0UND(344)  ' HEATING  SEASOR<217) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

22 

12 

1 

2 

0 

0 

0 

1 

18 

11 

1 

1 

0 

0 

0 

1 

BOZEMAN,  1978 

YEAR  R0UND(353) 

HEATING 

SEASON (223) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

11 

9 

5 

2 

0 

0 

0 

0 

7 

9 

4 

2 

0 

0 

0 

0 

BOZEMAN,  1979 

YEAR  R0UND(358) 

HEATING 

SEAS0N<226) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

23 

5 

3 

0 

0 

0 

0 

0 

20 

5 

3 

0 

0 

0 

0 

0 

BOZEMAN,  1980 

YEAR  R0UND(339) 

HEATING 

SEASON<2tO) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

29 

7 

2 

2 

0 

0 

0 

0 

19 

7 

2 

2 

0 

0 

0 

0 

BOZEMAN,  1981 

YEAR  R0UND(351)  HEATING  SEAS0N<217) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  25 

9 

2 

0 

0 

0 

0 

0 

23 

8 

2 

0 

0 

0 

0 

0 

YEAR  R0UND(348) 

BOZENAN,  1982 

HEATING 

SEA80N(214) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  29 

6 

3 

2 

0 

0 

0 

0 

25 

6 

3 

1 

0 

0 

0 

0 
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€ 


BR0UNIN6  19^7 

YEAR  R0UND(229)  ' HEATING  SEAS0R(132) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

11 

7 

2 

2 

0 

0 

0 

0 

8 

5 

1 

2 

0 

0 

0 

0 

BR0UN1N6, 

1978 

YEAR  R0UND(287) 

HEATING 

i SEASON (154) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

7 

>7 

OCCURRENCES 

20 

4 

2 

0 

0 

0 

0 

0 

12 

3 

2 

0 

0 

0 

0 

0 

BROUN I NG, 

1979 

YEAR  R0UND(185) 

HEATING 

SEASON <104) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

6 

3 

1 

0 

0 

0 

0 

0 

6 

2 

1 

0 

0 

0 

0 

0 

BROUN IN6, 

1980 

YEAR  R0UND(t36) 

HEATING 

SEASON <103) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

9 

2 

1 

0 

0 

0 

0 

0 

8 

2 

0 

0 

0 

0 

0 

0 

BROWNING, 

1981 

YEAR  R0UND<166) 

HEATING 

SEASON(107) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

7 

>7 

OCCURRENCES 

9 

2 

0 

0 

0 

0 

0 

0 

7 

2 

0 

0 

0 

0 

0 

0 

BROWNING, 

1982 

YEAR  R0UN0(331) 

HEATING 

SEASON (225) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7  , 

» 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

27 

8 

2 

2 

0 

0 

0 

0 

24 

<4 

2 

2 

0 

0 

0 

0 
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YEAR  R0UND(259) 

BUTTE, 

CLOUDY  DAYS  1 2 

3 4 5 

6 7 >7 

OCCURRENCES  15  4 

4 0 0 

0 0 1 

197;' 

HEATING  SE:AS0N(2O5) 
1 2 3 4 5 6 7 >7 

10  3 4 0 0 0 0 1 


TEAR  ROUND(361) 


CLOUDY  DAYS  1 2 


OCCURRENCES  19  6 


BUTTE,  1978 


3 4 5 6 7 >7 


3 0 1 0 0 1 


HEATINS  SEAS0N(227) 


12  3 4 

5 

i 

7 

>7 

1 9 6 3 0 

1 

0 

0 

1 

YEAR  R0UND(302) 

CLOUDY  DAYS  1234 


OCCURRENCES  18  3 0 0 


BUTTE, 


5 6 7 >7 


0 10  0 


1979 


HEATINS  SEAS0N<225) 


1 

2 

3 

4 

5 

6 7 >7 

18 

3 

0 

0 

0 

1 0 0 

YEAR  R0UND(357) 


CLOUDY  DAYS  12345 


OCCURRENCES  21  5 1 1 0 


BUTTE, 


6 7 >7 


0 0 0 


1980 


HEATING  SEAS0N(231) 


1 

2 3 

4 

5 

6 

7 

>7 

15 

5 1 

1 

0 

0 

0 

0 

YEAR  R0UND(268) 


CLOUDY  DAYS  1234 


OCCURRENCES  31  6 2 0 


BUTTE, 


5 6 7 >7 


0 0 0 0 


1981 


HEATING  SEAS0N(227) 


1 

2 

3 

4 

5 

6 

7 

>7 

28 

5 

2 

0 

0 

0 

0 

0 

YEAR  R0UND<336) 


CLOUDY  DAYS  12345 


OCCURRENCES  28  4 3 1 0 


BUTTE, 


h 7 >7 


0 0 0 


1982 


HEATING  SEAS0N(225> 


1 

2 

3 

4 

5 

6 

7 

>7 

26 

4 

2 

0 

0 

0 

0 

0 

CHOTEAU  NOT  INSTRUMENTED  IN  1977 


YEAR  R0UND(267) 

CHOTEAU, 

1978 

HEATING 

SEASOHdSO) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 

>7 

1 

3 

A 

5 

6 

7 >7 

OCCURRENCES  22 

3 

2 

0 

0 

0 1 

0 

15 

2 

2 

0 

0 

0 

1 0 

CHOTEAU, 

1979 

YEAR  R0UND(325) 

HEATING 

SEASON (220) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 

>7 

1 

3 

4 

5 

6 

7 >7 

OCCURRENCES  20 

1 

1 

0 

0 

0 1 

0 

19 

1 

1 

0 

0 

0 

1 0 

CHOTEAU, 

1980 

YEAR  R0UND(331) 

HEATING 

SEAS0N(218) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 

>7 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  29 

1 

4 

0 

0 

0 0 

1 

21 

1 

4 

0 

0 

0 

0 1 

CHOTEAU, 

1981 

YEAR  R0UND(351) 

HEATING 

SEAS0N<231) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 

>7 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  17 

7 

2 

0 

0 

0 0 

0 

16 

7 

2 

0 

0 

0 

0 0 

CHOTEAU, 

1982 

YEAR  R0UND(364) 

HEATING 

i SEASON (230) 

CLOUDY  DAYS  t 

2 

3 

4 

5 

6 7 

>7 

• 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  35 

5 

3 

0 

0 

0 0 

0 

33 

5 

0 

0 

0 

0 

0 0 

YEAR  R0UND(107) 


COLSTRIP,  1977 


HEATING  SEASON ( 89) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  71000000 


YEAR  R0UND(254) 


CLOUDY  DAYS  1 2 3 


OCCURRENCES  10  6 0 


COL ST RIP, 


5 6 7 >7 


0 0 0 0 


1978 


YEAR  R0UND(154) 


CLOUDY  DAYS  12345 


OCCURRENCES  14  3 1 0 0 


COLSTRIP, 


6 7 >7 


0 0 0 


1979 


YEAR  R0UND(31 1 ) 


CLOUDY  DAYS  12345 


OCCURRENCES  31  4 3 0 0 


COLSTRIP, 


6 7 >7 


0 0 0 


1980 


YEAR  R0UND(334) 


CLOUDY  DAYS  1234 


OCCURRENCES  14  8 0 1 


COLSTRIP, 


5 6 7 >7 


0 0 0 0 


1981 


YEAR  R0UND(224) 


CLOUDY  DAYS  1 2 


OCCURRENCES  18  11 


COLSTRIP,  1982 


3 4 5 6 7 >7 


4 0 0 0 0 0 


1 

2 3 4 

5 

6 7 >7 

7 

1 0 0 

0 

0 0 0 

HEATING 

SEAS0N<130) 

1 

2 3 4 

5 

6 7 >7 

8 

5 0 0 

0 

0 0 0 

HEATING 

SEASON (122) 

1 

2 3 4 

5 

6 7 >7 

13 

3 1 0 

0 

0 0 0 

HEATING 

SEAS0N(211 ) 

1 

2 3 4 

5 

6 7 >7 

27 

4 3 0 

0 

0 0 0 

HEATING 

SEASON (21 4) 

1 

2 3 4 

5 

6 7 >7 

11 

8 0 1 

0 

0 0 0 

HEATING 

SEASON (21 5) 

1 

2 3 4 

5 

6 7 >7 

17 

11  4 0 

0 

0 0 0 
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DILLON,  19/ 


77 


YEAR  R0UND(310) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7 

OCCURRENCES  21  4 2 0 1 0 0 0 


HEATING  SEASON(189) 


DILLON,  1978 


YEAR  ROUND(331) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7 

OCCURRENCES  U 4200000 


DILLON,  1979 


YEAR  R0UND(332) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7 

OCCURRENCES  12  2 0 1 0 0 0 0 


DILLON,  1980 


YEAR  R0UND(342) 

CLOUDY  DAYS  1 2 3 4 5 A 7 >7 

OCCURRENCES  22  5 1 0 0 0 0 0 


DILLON,  1981 

YEAR  R0UND(347) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7 

OCCURRENCES  21  2020000 

DILLON,  1982 

YEAR  R0UND<351) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7  . 

OCCURRENCES  21  4 1 0 0 0 0 0 


1 

2 3 4 

5 6 

7 >7 

15 

4 1 0 

0 0 

0 0 

HEATING 

SEAS0N(212) 

1 

2 3 4 

5 6 

7 >7 

14 

4 2 0 

0 0 

0 0 

HEATING 

SEAS0N(2O4) 

1 

2 3 4 

5 6 

7 >7 

11 

I 0 1 

0 0 

0 0 

HEATING 

SEAS0N(225) 

1 

2 3 4 

5 A 

7 >7 

18 

5 1 0 

0 0 

0 0 

HEATING 

SEAS0N(213) 

1 

2 3 4 

5 6 

7 >7 

19 

2 0 2 

0 0 

0 0 

HEATING 

SEAS0N(227) 

1 

2 3 4 

5 6 

7 >7 

18 

4 1 0 

0 0 

0 0 

ENNIS  NOT  INSTRUMENTED  IN  1977 


ri'-  ’rv  »'«. 

■ - EUNIS, 

YEAR  R0UMD(238) 


CLOUDY  DAYS  1 2 3 4 5 A 7 >7 

OCCURRENCES  94200101 


1978 

HEATING  SEASON (171) 


1 2 3 4 5 6 7 >7 


8 4 2 0 0 1 0 0 


ENNIS,  1979 

YEAR  ROUND (330) 

CLOUDY  DAYS  1 2 3 4 5 A 7 >7 



OCCURRENCES  18  A 0 1 0 0 0 0 

(glShtferj  ENNIS,  1980 

YEAR  ROUND (228) 

-Xi. — i — > *-■? 

CL'OUDr  DAYS  1 2 3 4 5 A 7 >7 

___8 ---t 

OCCURRENCES  124000000 


HEATING 

8EAS0N(213) 

12  3 4 

5 A 

7 >7 

17  5 0 1 

0 0 

0 0 

HEATIN6  SEAS0N(n3) 


1 2 3 4 5 A 7 >7 

A3000000 


I eVl  ■;I40  !!>■(-  ; 

U£;£)Viiilcr=:je  . ENNIS,  1981 

YEiAFT?UUND<309)  "*  HEATING  SEAS0N(181) 

v X ; — 

CLTJUimrAYS  1 2 3 4 “ 5 A 7 >7  1 2 3 4 5 A 7 >7 

__  X- J---- s •?  — — -.—  -w-l--. 

OCCURIFNCFS  17  4 1 1 1 0 0 0 1 4 3 11  1 0 0 0 


(OEii)HOSA3c  cm i M,-; .j?M  ENNIS  1982  ■■  . : 

YfATTIlJWBTJTA)  “ HEATINO  8EA80N(188) 

A_XL_J- 4 ^ '■  4 — - — - — — 

CLWlTfWS^^'T  2 3 4 " 5 A 7 TT  ^ 1 2 3 4 5 A 7 >7 

— 4X-  0 i>  0— « Xt- — «i  - -p— - 

0CC(rRITENCES“T9‘  "4  ”A  “ 'r"  "0  0 0 0 '“ 4 . 0 0 0 0 H)  - 
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K)RT  BENTON  NOT  INSTRUMENTjli)  IN  1977 


YEAR  R0UND(255) 

FORT  BENTON, 

1978 

L... 

HEATIN(3 

SEASON(154) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 1 

I. 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  17 

6 

1 

1 

0 

0 

0 

1 

1!5 

5 

1 

1 

0 

0 

0 0 

FORT  BENTON, 

197^ 

YEAR  R0UND(353) 

HEATING 

SEASON(230) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  28 

2 

3 

1 

2 

0 

0 

0 

'26 

2 

3 

1 

2 

0 

0 0 

FORT  BENTON, 

t ' 

198(i 

YEAR  R0UND(3A9) 

HEATIN6 

SEASON(215) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  21 

6 

3 

1 

1 

0 

0 

1 

16 

6 

3 

1 

1 

0 

0 1 

FORT  BENTON, 

1901 

YEAR  R0UN0(364) 

HEATING 

SEASON<230) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  26 

8 

1 

0 

0 

0 

0 

0 

24 

8 

1 

0 

0 

0 

0 0 

FORT  BENTON, 

1982 

YEAR  R0UND(361) 

HEATING 

1 SEASON (230) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 

3 

4 

5 

6 

7 >7 

OCCURRENCES  28 

10 

3 

1 

0 

0 

0 

0 

25 

10 

2 

0 

0 

0 

0 0 

YEAR  R0UND(328) 


GLASGOW,  197;^ 


HEATING  SEASON(206) 


CLOUDY  DAYS  t 2 3 4 5 6 7 >7 

OCCURRENCES  12  7 4 1 1 000 


YEAR  R0UND(351) 

GLAS60W 

CLOUDY  DAYS  1 2 

3 

4 5 6 7 >7 

OCCURRENCES  26  6 

2 

0 0 0 1 0 

1978 


YEAR  R0UND(327) 
CLOUDY  DAYS  1 


OCCURRENCES  20 


GLAS60U,  1979 


2 3 4 5 6 7 >7 

3 3 0 0 0 0 0 


YEAR  R0UND(353) 

CLOUDY  DAYS  1234 


OCCURRENCES  20  4 2 2 


GLAS60U, 


5 6 7 >7 


0 0 0 0 


1980 


YEAR  R0UND(350) 

CLOUDY  DAYS  12345 
OCCURRENCES  15  5 3 1 0 


GLASGOW, 


6 7 >7 


1 0 0 


1981 


YEAR  R0UND(223) 

CLOUDY  DAYS  12345 
OCCURRENCES  15  8 2 1 1 


GLAS60W,  1982 


6 7 >7 


0 0 0 


1 

2 3 4 

5 

6 

7 >7 

8 

7 3 1 

1 

0 

0 0 

HEATING 

SEASON! 223) 

1 

2 3 4 

5 

6 

7 >7 

22 

6 1 0 

0 

0 

1 0 

HEATING 

SEAS0N(221) 

1 

2 3 4 

5 

6 

7 >7 

17 

3 3 0 

0 

0 

0 0 

HEATING 

SEASON (226) 

1 

2 3 4 

5 

6 

7 >7 

18 

4 2 2 

0 

0 

0 0 

HEATING 

SEAS0N(226) 

1 

2 3 4 

5 

6 

7 >7 

13 

4 3 1 

0 

1 

0 0 

HEATING 

I SEASON! 180) 

1 

2 3 4 

5 

6 

7 >7 

15 

7 2 1 

1 

0 

0 0 

GLENDIUE,  1977 

YEAR  R0UND(304)  HEATING  SEASON(202) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

19 

8 

2 

0 

1 

0 

0 

0 

M 

7 

2 

0 

1 

0 

0 

0 

GLENDIVE,  1978 

YEAR  ROUND<279) 

HEATING 

SEASON(185) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

23 

A 

1 

1 

0 

0 

1 

0 

21 

2 

1 

1 

0 

0 

1 

0 

GLENDIVE,  1979 

YEAR  R0UND<159) 

HEATING 

SEASON ( 

47) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

A 

2 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

GLENDIVE,  1980 

YEAR  R0UND(252) 

HEATING 

SEASON (176) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

18 

3 

1 

2 

0 

0 

0 

0 

16 

2 

1 

2 

0 

0 

0 

0 

GLENDIVE,  1981 

YEAR  ROUND(322) 

HEATING 

i SEASON (197) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

S 

6 

7 

>7 

OCCURRENCES 

16 

4 

2 

2 

2 

0 

0 

0 

14 

4 

2 

2 

2 

0 

0 

0 

GLENDIVE,  1982 

YEAR  R0UN0(270) 

HEATING 

i SEASON(142) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

19 

8 

2 

1 

0 

0 

0 

0 

12 

6 

2 

1 

0 

0 

0 

0 

100 


YEAR  R0UND(328) 

GREAT 

FALLS, 

1977 

HEATING 

SEAS0N(194) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  21 

2 

1 

2 

1 

0 

0 

0 

17 

1 

0 

9 

1 

0 

0 

0 

GREAT 

FALLS, 

1978 

YEAR  R0UND(343) 

HEATING 

SEAS0N(215) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  24 

5 

4 

1 

0 

0 

0 

0 

19 

5 

3 

1 

0 

0 

0 

0 

GREAT 

FALLS, 

1979 

YEAR  R0UND<361) 

HEATING 

SEAS0N(227) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  24 

2 

2 

0 

0 

0 

0 

0 

23 

2 

2 

0 

0 

0 

0 

0 

GREAT 

FALLS, 

1980 

YEAR  R0UND(362) 

HEATING 

SEAS0N(228) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  30 

4 

6 

0 

0 

0 

0 

1 

23 

4 

6 

0 

0 

0 

0 

1 

GREAT 

FALLS, 

1981 

YEAR  R0UND(362) 

HEATING 

SEAS0N(228) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  28 

5 

3 

0 

0 

0 

0 

0 

24 

5 

3 

0 

0 

0 

0 

0 

GREAT 

FALLS, 

1982 

YEAR  R0UND(364) 

HEATING 

SEASON(230) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 

3 

4 

S 

6 

7 

>7 

OCCURRENCES  29 

8 

3 

1 

0 

0 

0 

0 

27 

8 

2 

0 

0 

0 

0 

0 

HAMILTON,  1977 

YEAR  R0UND(224)  HEATING  SEAS(]N(146) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 3 

4 f 

5 6 7 >7 

OCCURRENCES  10 

4 

2 

0 

1 

0 

0 

1 

8 

3 2 

0 1 

10  0 1 

HAMILTON,  1978 

YEAR  R0UND<227)  HEATING  SEAS0N(210) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 7 

>7 

1 

2 

3 

4 

5 

6 

•7 

f 

:>7 

OCCURRENCES 

15 

9 

3 

3 

2 

0 0 

0 

14 

9 

n 

3 

2 

0 

0 

0 

HAMILTON, 

1979 

YEAR  ROUNDC 

531 ) 

heat: 

ING 

SEASON! 2 

28) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

20 

8 

2 

0 

0 

1 1 

0 

18 

8 

2 

0 

0 

1 

1 

0 

HAMILTON, 

1980 

YEAR  ROUND( 

328) 

HEATING 

SEASON (2 

24) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 7 

>7 

1 

n 

A. 

3 

4 

5 

6 

7 

:>7 

OCCURRENCES 

23 

6 

1 

0 

0 

1 0 

1 

19 

6 

1 

0 

0 

1 

0 

1 

HAHILTON, 

1981 

YEAR  ROUND( 

346) 

HEAT 

ING 

SEASON (2 

lf3) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 7 

>7 

1 

3 

4 

S 

6 

7 

>7 

OCCURRENCES 

20 

9 

5 

1 

1 

0 0 

0 

18 

9 

5 

1 

1 

0 

0 

0 

HAMILTON, 

1982 

YEAR  ROUND( 

350) 

HEATING 

SEASON (2 

26) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 7 

>7  . 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

26 

8 

3 

1 

0 

0 0 

1 

23 

7 

3 

1 

0 

0 

0 

1 
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HARLOUTON,  1977 


YEAR  R0UND(288) 


CLOUDY  DAYS  1 

2 3 

4 

5 

6 7 >7 

OCCURRENCES  24 

6 0 

1 

0 

0 0 0 

YEAR  R0UND(253) 

HARLOUTON, 

CLOUDY  DAYS  1 

2 3 

; 4 

5 

6 7 >7 

OCCURRENCES  13 

2 1 

1 

0 

0 0 1 

YEAR  R0UND(245) 

HARLOWTON, 

CLOUDY  DAYS  1 

2 3 

; 4 

5 

6 7 >7 

OCCURRENCES  15 

2 1 

0 

0 

0 0 0 

YEAR  R0UND(260) 

HARLOUTON, 

CLOUDY  DAYS  1 

2 3 

[ 4 

5 

6 7 >7 

OCCURRENCES  22 

6 1 

1 0 

0 

0 0 0 

YEAR  R0UND(174) 

HARLOUTON 

CLOUDY  DAYS  1 

2 3 4 

5 

6 7 >7 

OCCURRENCES  14 

3 ' 

1 0 

0 

0 0 0 

YEAR  R0UND(2<i9) 

HARLOUTON 

CLOUDY'  DAYS  1 

2 

3 4 

5 

6 7 >7 

OCCURRENCES  19 

3 

3 0 

1 

0 0 0 

HEATING 

SEAS0N(185) 

1 

2 3 

4 

S 

6 

7 

>7 

18 

6 0 

1 

0 

0 

0 

0 

HEATING 

SEASON (124) 

1 

2 3 

4 

5 

7 

>7 

9 

2 1 

1 

0 

0 

0 

0 

HEATING  SEASON (151) 


1 

2 3 

4 

5 

6 

7 

>7 

14 

1 1 

0 

0 

0 

0 

0 

HEATING 

SEASONdl 

55) 

1 

2 3 

4 

5 

6 

7 

>7 

19 

6 1 

0 

0 

0 

0 

0 

HEAT 

ING 

SEASON! 1 

35) 

1 

2 3 

4 

S 

6 

7 

>7 

12 

3 1 

0 

0 

0 

0 

0 

HEATING 

SEASON (204) 

1 

2 3 

4 

5 

6 

7 

>7 

16 

2 3 

0 

0 

0 

0 

0 

103 


HAVRE,  1977 


YEAR  R0UND(279) 


HEATING  SEASON < 160) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 >7 

1 

2 3 

A 

f5  6 7 >7 

OCCURRENCES  22 

3 

2 

1 

0 

0 

0 0 

12 

3 2 

1 

0 0 0 0 

YEAR  R0UND(313) 

HAVRE,  1978 

HEATING 

SEAS0N(218) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 >7 

1 

2 3 

4 

5 6 7 >7 

OCCURRENCES  28 

9 

2 

1 

1 

0 

0 1 

23 

9 1 

1 

10  0 0 

HAVRE,  1979 


YEAR  R0UHD<262) 


HEATIN6  SEAS0N(2O9) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 2 3 

4 5 

6 

7 

>7 

OCCURRENCES  17 

4 

4 

0 

0 

0 

0 

0 

15  4 4 

0 0 

0 

0 

0 

HAVRE,  1980 


YEAR  R0UND(318) 


HEATING  SEASON (192) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 2 3 4 5 

6 7 

>7 

OCCURRENCES  24 

6 

1 

1 

0 

0 

0 

1 

19  6 1 10 

0 0 

1 

HAVRE,  1981 


YEAR  R0UND(344) 


HEATING  SEAS0N(231) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 >7 

1 

2 3 

4 

5 6 7 >7 

OCCURRENCES  20 

12 

1 

0 

1 

0 

0 0 

16 

12  1 

0 

10  0 0 

YEAR  R0UND(339) 

HAVRE,  1982 

HEATING 

SEASON (225) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 >7  . 

1 

2 3 

4 

5 6 7 >7 

OCCURRENCES  30 

8 

5 

1 

0 

0 

0 0 

26 

0 4 

0 

0 0 0 0 
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YEAR  R0UND(321) 

HELENA, 

1977 

HEATING 

i SEAS0N(215) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

& 

7 

>7 

1 

n 

3 

A 

5 

6 

7 

>7 

OCCURRENCES  18 

13 

1 

0 

1 

0 

0 

0 

16 

9 

1 

0 

1 

0 

0 

0 

HELENA, 

1978 

YEAR  R0UND(353) 

HEATING 

SEAS0N<223) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  22 

6 

4 

1 

0 

0 

0 

0 

18 

6 

3 

1 

0 

0 

0 

0 

HELENA, 

1979 

YEAR  R0UND(349) 

HEATING 

SEAS0N(224) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  24 

3 

1 

0 

0 

0 

0 

0 

22 

3 

1 

0 

0 

0 

0 

0 

HELENA, 

1980 

YEAR  ROUND(2A0) 

HEATING 

SEASON<205) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  23 

6 

2 

0 

0 

0 

0 

1 

16 

4 

2 

0 

0 

0 

0 

1 

HELENA, 

1981 

YEAR  R0UND(302) 

HEATING 

SEAS0N(172) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  18 

6 

1 

2 

0 

0 

0 

0 

15 

5 

1 

2 

0 

0 

0 

0 

HELENA, 

1982 

YEAR  ROUND(MI) 

HEATING 

SEAS0N<138) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

• 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  11 

6 

5 

0 

0 

0 

0 

0 

11 

6 

5 

0 

0 

0 

0 

0 
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JORDAN  NOT  INSTRUMENTED  IN  1977 


YEAR  R0UN0<230) 

JORDAN,  1978 

HEATING 

i SEASONdOO) 

CLOUDY  DAYS  t 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  14 

4 

2 

0 

1 

1 

0 

0 

11 

3 

1 

0 

1 

1 

0 

0 

JORDAN,  1979 

YEAR  R0UND(248) 

HEATING 

SEASON (198) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  21 

5 

1 

0 

0 

0 

0 

0 

21 

5 

1 

0 

0 

0 

0 

0 

JORDAN,  1960 

YEAR  R0UND(332) 

HEATING 

SEAS0N(226) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  17 

10 

2 

0 

0 

0 

0 

0 

15 

9 

2 

0 

0 

0 

0 

0 

JORDAN,  1981 

YEAR  R0UND<3A1) 

HEATING 

SEAS0N<227) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  19 

5 

3 

0 

0 

0 

0 

0 

17 

5 

3 

0 

0 

0 

0 

0 

JORDAN,  1962 

YEAR  R0UND(363). 

HEATING 

SEAS0N(231 ) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

* 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  24 

8 

2 

1 

♦ 

0 

0 

0 

18 

6 

2 

1 

1 

0 

0 

0 
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KALI SPELL,  1977 

YEAR  R0UND(290)  HEATING  SEAS0N(178) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  : 

31 

0 

5 

2 

0 

0 

0 

0 

24 

0 

5 

2 

0 

0 

0 

0 

KALISPELL,  1978 

YEAR  R0UND<361) 

HEATING 

SEAS0N(229) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

32 

6 

5 

3 

0 

1 

0 

0 

22 

6 

5 

3 

0 

1 

0 

0 

KALISPELL,  1979 

YEAR  R0UND(356) 

HEATING 

SEAS0N(223) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

11 

8 

5 

0 

4 

1 

2 

1 

10 

8 

5 

0 

4 

1 

2 

1 

KALISPELL,  1980 

YEAR  R0UND(345) 

HEATING 

SEAS0N(212) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

21 

12 

1 

1 

0 

0 

0 

2 

17 

9 

1 

1 

0 

0 

0 

2 

KALISPELL,  1981 

YEAR  R0UND(303) 

HEATING 

SEASON (208) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

17 

6 

2 

2 

3 

1 

0 

2 

14 

6 

2 

2 

3 

1 

0 

2 

KALISPELL,  1982 

YEAR  R0UND(364) 

HEATING 

1 SEA80N(230) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

27 

6 

2 

2 

1 

2 

1 

2 

21 

6 

2 

1 

1 

2 

1 

2 
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LEWISTOWN,  1977 

YEAR  ROUN0(298)  HEATING  SEAS0M(184) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

23 

5 

0 

1 

0 

0 

0 

0 

15 

5 

0 

1 

0 

0 

0 

0 

LEUI8T0UN, 

1978 

YEAR  R0UND(2A5) 

HEATING 

SEAS0N(175) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

18 

4 

2 

0 

0 

0 

0 

1 

15 

3 

2 

0 

0 

0 

0 

1 

LEUISTOUN, 

1979 

YEAR  R0UND(338) 

HEATING 

SEAS0N<221 ) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

27 

4 

0 

0 

0 

0 

0 

0 

27 

4 

0 

0 

0 

0 

0 

0 

LEUISTOUN, 

1980 

YEAR  R0UND(362) 

HEATING 

SEA50N(228) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

28 

6 

2 

0 

0 

0 

1 

0 

22 

6 

2 

0 

0 

0 

1 

0 

LEUISTOUN, 

1981 

YEAR  R0UND(341) 

HEATING 

SEAS0N<229) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

24 

8 

0 

0 

0 

0 

0 

0 

20 

8 

0 

0 

0 

0 

0 

0 

LEUISTOUN, 

1982 

YEAR  R0UN0<340) 

HEATING 

SEASON (20 A) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

• 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES 

24 

6 

5 

0 

0 

0 

0 

0 

18 

6 

4 

0 

0 

0 

0 

0 
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YEAR  R0UND(224) 

LIBBY,  197 

7 

HEATING 

SEAS0N<131 ) 

CLOUDY  DAYS  t 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  13 

5 

0 

0 

0 

0 

0 

0 

9 

4 

0 

0 

0 

0 

0 

0 

LIBBY,  1978 

YEAR  R0UND(303) 

HEATING 

SEAS0N(182) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

'3 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  26 

6 

1 

0 

1 

1 

0 

0 

17 

6 

1 

0 

1 

1 

0 

0 

LIBBY,  1979 

YEAR  R0UND(334) 

HEATING 

SEAS0N(2O2) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  14 

4 

3 

2 

0 

2 

0 

3 

12 

4 

3 

2 

0 

2 

0 

3 

LIBBY,  1980 

YEAR  R0UND(339) 

HEATING 

SEASON (207) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  13 

13 

2 

3 

1 

1 

2 

1 

7 

10 

2 

3 

1 

1 

2 

1 

LIBBY,  1981 

YEAR  R0UND(356) 

HEATING 

SEASON (222) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 

4 

5 

6 

7 

>7 

OCCURRENCES  21 

7 

2 

2 

3 

2 

1 

2 

16 

7 

2 

2 

3 

2 

1 

2 

LIBBY,  1982 

YEAR  R0UND<319) 

HEATING 

SEASON<20O) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 

3 

4 

5 

6 

•7 

t 

>7 

OCCURRENCES  22 

4 

2 

2 

2 

1 

0 

3 

16 

4 

2 

2 

2 

1 

0 

3 
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LIVINGSTON 

NOT  INSTRUMENTED  IN  1977 

YEAR  R0UND(2n) 

LIVIN6ST0N,  1978 

HEATING  SEASON(128) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 4 7 >7 

OCCURRENCES  11  5 0 0 0 

000  7400  0 000 

YEAR  R0UND(172) 

LIVIN6ST0N,  1979 

HEATING  SEAS0N(136) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 6 7 >7 

OCCURRENCES  21  2 2 1 0 

000  21  2 2 10000  ^ 

YEAR  R0UND(263) 

LIOIN8STON,  1980 

HEATING  SEASON(187) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 6 7 >7 

OCCURRENCES  22  5 3 1 t 

000  19  5311000 

YEAR  ROUND( 198) 

LIVIN8ST0N,  1981 

HEATING  SEAS0N(126) 

CLOUDY  DAYS  12345 

6 7 >7  1234547  >7 

OCCURRENCES  U 4 0 0 0 

1 

1 o 

1 

1 

i o 

1 

1 

1 o 

1 

1 -* 

1 u 

1 

1 

i 

1 

1 

( o 

i 

• 

1 o 

1 

1 

1 o 

1 

1 

1 o 

1 

1 

1 o 

1 

1 

I o 

1 

YEAR  R0UND<136) 

LIVINGSTON,  1982 

HEATIN6  SEA8(3N(  54) 

CLOUDY  DAYS  12345 

6 7 >7  , 1 2 3 4 5 6 7 >7 

OCCURRENCES  114021 

000  94020000 

A 
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VEAR  R0UND<340) 

NILES 

CITY, 

1977 

HEATING 

SEAS0N(208) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 3 A 

5 6 7 >7 

OCCURREWCES  25 

7 

1 

1 

0 

0 

0 

1 

18 

7 1 1 

0 0 0 0 

YEAR  R0UND<313) 

NILES 

CITY, 

1978 

HEATING 

SEASON (228) 

CLOUDY  DAYS  ? 

2 

3 

4 

5 

6 

7 

>7 

1 

2 3 4 

5 6 7 >7 

OCCURRENCES  24 

4 

4 

0 

1 

0 

0 

0 

2;i 

3 3 0 

10  0 0 

YEAR  R0UND(324) 

NILES 

CITY, 

1979 

HEATING 

SEASON(225) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 3 4 

5 6 7 >7 

OCCURRENCES  19 

2 

1 

0 

0 

0 

0 

0 

18 

2 1 0 

0 0 0 0 

YEAR  R0UND(363) 

NILES 

CITY, 

1980 

HEATIN6 

SEAS0N(229) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 3 4 

5 6 7 >7 

OCCURRENCES  30 

5 

3 

0 

1 

0 

0 

0 

23 

5 3 0 

10  0 0 

YEAR  R0UND(331) 

NILES 

CITY, 

1981 

HEATING 

SEASON(199) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 3 4 

5 6 7 >7 

OCCURRENCES  ^6 

8 

0 

1 

0 

0 

0 

0 

15 

8 0 1 

0 0 0 0 

YEAR  R0UND(349) 

NILES 

CITY, 

1982 

HEATING 

SEASON (231 ) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7  . 

1 

2 3 4 

5 6 7 >7 

OCCURRENCES  26 

11 

5 

0 

1 

0 

0 

0 

18 

10  4 0 

10  0 0 

YEAR  R0UND(3t9) 


MISSOULA,  1977 


HEATIRB  SEASOMd?"^) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 >7 

1 

2 

3 

4 

5 6 7 

>7 

OCCURRENCES  18 

8 

2 

1 

1 

0 0 1 

14 

7 

1 

1 

1 0 0 

1 

YEAR  R0UND(346) 

MISSOULA, 

1978 

HEATING 

SEASON (21 

2) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 >7 

1 

2 

3 

4 

5 6 7 

>7 

OCCURRENCES  23 

6 

5 

2 

1 

0 1 0 

12 

5 

4 

2 

1 0 1 

0 

MISSOULA,  1979 


YEAR  R0URD(352) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7 

OCCURRENCES  21  11  3 3 0 0 0 1 


MISSOULA,  1980 


YEAR  R0UND(363) 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7 

OCCURRENCES  27  9 4 1 1 1 0 1 


YEAR  R0UND(220) 


MISSOULA,  1981 


HEATING  SEASON(210) 
1 2 3 4 5 6 7 >7 

19  10  3 3 0 0 0 1 

HEATING  SEAS0N(231) 
1 2 3 4 5 6 7 >7 

22  8 3 1 1 1 0 1 

HEATING  SEASON (198) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 >7 

1 

2 3 4 

5 

6 

7 >7 

OCCURRENCES  19 

5 

3 

3 

1 

1 0 2 

17 

5 3 3 

1 

1 

0 2 

YEAR  R0UND(339) 

MISSOULA,  1982 

HEATING 

SEASON(221 ) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 7 >7  . 

1 

2 3 4 

5 

6 

7 >7 

OCCURRENCES  21 

6 

6 

2 

0 

2 0 1 

18 

6 5 2 

0 

2 

0 1 
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PLENTYWOOD  NOT  INSTRUMENTED  IN  1977 


PLEKTYUOOD,  1978 

YEAR  R0UND(289)  HEATING  SEASON(173) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 4 

5 

6 

7 

>7 

OCCURRENCES 

17 

7 

0 

1 

2 

1 

0 

0 

14 

5 

0 1 

2 

1 

0 

0 

PLENTYUOOD, 

1979 

YEAR  R0UND<334) 

HEATING 

SEAS0N(205) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 4 

5 

6 

7 

>7 

OCCURRENCES 

19 

6 

3 

0 

0 

0 

0 

0 

17 

6 

3 0 

0 

0 

0 

0 

PLENTYWOOD, 

1980 

YEAR  R0UND(354) 

HEATING 

SEASON (221 ) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 4 

5 

6 

7 

>7 

OCCURRENCES 

23 

9 

0 

0 

0 

0 

0 

0 

21 

6 

0 0 

0 

0 

0 

0 

PLENTYWOOD, 

1981 

YEAR  R0UN0<352) 

HEATING 

SEAS0N(228) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

1 

2 

3 4 

5 

6 

7 

>7 

OCCURRENCES 

15 

7 

3 

1 

0 

0 

2 

0 

12 

6 

3 1 

0 

0 

2 

0 

PLENTYWOOD, 

1982 

YEAR  ROUND(2U) 

HEATING 

SEASON! 186) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 

6 

7 

>7 

• 

1 

2 

3 4 

5 

6 

7 

>7 

OCCURRENCES 

19 

5 

3 

1 

1 

0 

0 

0 

19 

5 

2 1 

1 

0 

0 

0 
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s 


POLSON,  1977 

YEAR  R0UND(315)  HEATING  SEASONdGI) 


CLOUDY  DAYS  1 

2 

3 

4 5 6 

7 

>7 

1 2 3 

4 

5 6 7 >7 

OCCURRENCES  23 

6 

4 

0 1 0 

0 

0 

18  6 3 

0 

10  0 0 

YEAR  R0UND(361) 


POLSON,  1978 


HEATIRG  SEASOR(231) 


CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 >7 

1 

2 3 

4 

5 6 7 >7 

OCCURRENCES  21 

6 

2 

4 

1 

2 

1 0 

14 

6 2 

3 

12  10 

YEAR  R0UND(271) 

POLSON,  1979 

HEATING 

SEAS0N(216) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 >7 

1 

2 3 

4 

5 6 7 >7 

OCCURRENCES  19 

3 

2 

5 

1 

3 

1 0 

18 

3 2 

5 

13  10 

YEAR  R0UND<362) 


CLOUDY  DAYS  12345 


OCCURRENCES  33  13  2 1 1 


POLSON, 


6 7 >7 


1 0 1 


1980 


HEATING  9EAS0N(229) 


1 

2 

3 

4 

5 6 

7 >7 

26 

12 

2 

1 

1 1 

0 1 

YEAR  R0UN0(3S7) 


CLOUDY  DAYS  1 2 3 


OCCURRENCES  25  7 2 


POLSON,  1981 


7 >7 


0 2 


HEATING  SEAS0N(223) 


1 : 

? 3 

4 

5 

6 

7 

>7 

19  7 2 

2 

2 

1 

0 

2 

YEAR  R0UND(346) 


CLOUDY  DAYS  1234 
OCCURRENCES  14  7 4 4 


POLSON, 


5 4 7 >7 


0 3 12 


1982 


HEATING  SEAS0N(226) 


1 

2 

3 

4 

5 

6 

7 >7 

13 

7 

3 

3 

0 

3 

1 2 
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RED  LODGE  NOT  INSTRUMENTED  IN  1977 


YEAR  R0UND(303) 

RED  LODGE,  1978 

HEATING  SEASON(177) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 6 7 >7 

OCCURRENCES  14  7 2 0 0 

000  95200000 

YEAR  R0UND(360) 

RED  LODGE,  1979 

HEATING  SEAS0N(229) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 4 7 >7 

OCCURRENCES  19  5 2 0 0 

000  18  3 200000 

YEAR  R0UND(364) 

RED  LODGE,  1980 

HEATING  SEAS0N(230) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 6 7 >7 

OCCURRENCES  24  8 1 0 0 

000  21  7100000 

YEAR  R0UND(353) 

RED  LODGE,  1981 

HEATING  SEAS0N(230) 

CLOUDY  DAYS  12345 

6 7 >7  1 2 3 4 5 4 7 >7 

OCCURRENCES  16  4 0 0 0 

000  14  3000000 

YEAR  R0UND(361) 

RED  LODGE,  1982 

HEATING  8EA80H<229) 

1 2 3 4 f)  6 7 >7 


nrrilRRFNCFfi  25  6 0 0 0 

000  20  4000000 

CLOUDY  DAYS  1 2 3 4 5 6 7 >7  . 

OCCURRENCES  25  6000000 


SIDNEY  NOT  INSTRUMENTED  IN  1977 


YEAR  R0UND(H7) 


CLOUDY  DAYS  1234 


OCCURRENCES  12  6 0 2 


SIDNEY, 


5 6 7 >7 


0 0 0 0 


1978 


YEAR  R0UND(344) 


CLOUDY  DAYS  123456 
OCCURRENCES  23  3 2 0 1 0 


SIDNEY, 


7 >7 


0 0 


1979 


YEAR  R0UND(257) 


CLOUDY  DAYS  123456 
OCCURRENCES  23  6 2 0 0 0 


SIDNEY, 


7 >7 


0 0 


1980 


YEAR  R0UND(148) 


CLOUDY  DAYS  123456 
OCCURRENCES  10  4 0 0 0 0 


SIDNEY, 


7 >7 


0 0 


1981 


YEAR  R0UND(1S6) 


CLOUDY  DAYS  1234 
OCCURRENCES  13  4 2 2 


SIDNEY, 


5 6 7 >7 


4 0 0 0 


1982 


HEATING  SEAS0N(12V) 


1 

9 

*• 

3 

4 

5 6 7 >7 

12 

5 

0 

2 

0 0 0 0 

HEATING 

SEAS0N(22O) 

1 

2 

3 

4 

5 6 7 >7 

22 

3 

2 

0 

10  0 0 

HEATING 

SEASON (150) 

1 

n 

3 

4 

5 6 7 >7 

17 

4 

2 

0 

0 0 0 0 

HEATING 

SEAS0N<134) 

1 

2 

3 

4 

5 6 7 >7 

8 

4 

0 

0 

0 0 0 0 

HEATING 

SEASON (156) 

1 

7 

3 

4 

5 6 7 >7 

13 

4 

2 

2 

4 0 0 0 
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THOMPSON  FALLS  NOT  INSTRUMENTED  IN  1977 


THOMPSON  FALLS.  1978 


YEAR  R0UND(238> 

HEATING 

SEAS0N(164) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

9 

3 4 

5 

6 

7 

>7 

OCCURRENCES  17 

5 

3 

3 

2 

0 

0 

0 

13 

4 

3 3 

2 

0 

0 

0 

THOMPSON  FALLS, 

1979 

YEAR  R0UND(157) 

HEATING 

SEAS0N(135) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

9 

3 4 

5 

6 

7 

>7 

OCCURRENCES  11 

4 

3 

0 

1 

0 

0 

0 

1 1 

4 

3 0 

1 

0 

0 

0 

THOMPSON  FALLS, 

1980 

YEAR  R0UND(273) 

HEATING 

SEAS0N(172) 

CLOUDY  DAYS  1 

2 

3 

4 

5 

6 

7 

>7 

1 

9 

3 4 

5 

6 

7 

>7 

OCCURRENCES  18 

6 

5 

2 

2 

0 

0 

1 

13 

6 

5 2 

2 

0 

0 

1 

THOMPSON  FALLS,  1981 


YEAR  R0UND(260) 


HEAfING  S£AS0N(i:i5) 


CLOUDY  DAYS 

1 

2 

3 

4 

5 6 

7 

>7 

1 

2 3 4 

5 

6 

7 

>7 

OCCURRENCES 

14 

3 

2 

2 

0 0 

1 

0 

9 

3 2 2 

0 

0 

1 

0 

YEAR  ROUND! 

72) 

THOMPSON 

FALLS, 

1982 

HEATING 

8EA80N( 

61  ) 

CLOUDY  DAYS 

1 

2 

3 

4 

5 6 

7 

>7 

1 

2 3 4 

5 

6 

7 

>7 

OCCURRENCES 

2 

0 

1 

0 

0 0 

0 

1 

1 

0 1 0 

0 

0 

0 

1 
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UEST  YELLOUSTONE, 

YEAR  R0UND<271) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  16  3 1 0 0 0 0 0 


WEST  yELL(3USTOflE, 

rEAR  ROUND(297) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  115510010 


UESr  YELLOUSTONE, 

YEAR  R0UND(309) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  16  9000000 


WEST  YELLOUSrONE, 

YEAR  R0UND(336) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  16  4 2 3 1 1 0 1 


WEST  YELLOUSTONE, 

YEAR  R0UND(302) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  17  4 1 2 1 0 0 0 


UEST  YEI.LOUSTONE, 

YEAR  ROUND(  64) 


CLOUDY  DAYS  1 2 3 4 5 6 7 >7 


OCCURRENCES  43100000 


197? 

HEATING  SEASONdSO) 


1 

3 3 

4 

5 6 

7 

>7 

13 

3 1 

0 

0 0 

0 

0 

1978 

HEATING 

SEASON (21 6) 

1 

3 3 

4 

5 6 

7 

>7 

9 

5 5 

1 

0 0 

1 

0 

1979 

HEATING 

SEASON (184) 

1 

3 3 

4 

5 6 

7 

>7 

14 

9 0 

0 

0 0 

0 

0 

1980 

HEAIING 

SEASON (3 

22) 

1 

3 3 

4 

5 6 

7 

>7 

11* 

4 3 

3 

1 1 

0 

1 

1981 

HEATING 

SEASON (183) 

1 

3 3 

4 

5 6 

7 

>7 

11 

4 1 

2 

1 0 

0 

0 

1983 

HEATING 

SEASON ( 

5) 

1 

3 3 

4 

5 6 

7 

>7 

1 

0 1 

0 

0 0 

0 

0 

4 


SECTION  7 


CLIMATOLOGICAL  LATA 


alphabetical  by 


station 


Note:  There  are  two  data  tables  for  each  station;  one  in  degrees 

Fahrenheit  and  the  other  in  Celsius.  These  data  are  long-term 
averages  reproduced  from  National  Weather  Service  records. 
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CLIMATOLOGICAL  DATA  FOR 
ANACONDA 

LAT:  46.12  LONG:  112.95  ELEV:  1620(*1) 

TEMPERATURE  AVERAGES  BY  MONTH  ■*■*■*■  DEGREES  CELSIUS  +*  + 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

-5.4  -2.9 

-1.4 

4.2 

9.3 

13.1 

18.7 

17.8 

12.4 

-7  '> 

.1 

-3.4 

DAILY  MAXIMUM 

-1.6  .4 

3.9 

9.7 

15.3 

19.9 

26.1 

24.9 

18.7 

12.0 

4 

in*.. 

n 

m iL 

DAILY  MINIMUM 

-9.6  -8.3 

EXTREME  MAXIMUM 

-5.8 

-.9 

3.4 

7.3 

1 1.5 

10.5 

6.2 

1.6 

-4.0 

-7.4 

12.2  14.4 

19.4 

28.9 

32.2 

35.0 

37.2 

37.  B 

33.3 

27.8 

21.7 

15.0 

EXTREME  MINIMUM 

-34.4  -37.2 

HEATING  DEGREE 

-27.8  -22.8 

DAYS(18C) 

-8.3 

-4.4 

.0 

^0  o 

lU  M ^ 

-15.0 

“2?.  2 

-31.7 

-33.9 

735  595 

613 

425 

278 

163 

40 

62 

191 

346 

548 

675 

CLIMATOLOGICAL  DATA  FOR 

ANACONDA 

LAT:  46.12 

LONG:  112.95 

ELEV:  5331(FT) 

TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  FAHRENHEIT  ++* 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
22.3  26.7 

29.4 

39.5 

48.8 

55.6 

65.6 

64.1 

54.4 

44.9 

32.1 

25.8 

DAILY  MAXIMUM 
29.2  32.8 

39.0 

49.5 

59.5 

67.8 

79.0 

76.9 

65.7 

53.6 

39.5 

32.3 

DAILY  MINIMUM 
14.7  17.0 

21.5 

30.3 

38.1 

45.1 

52.7 

50.9 

43.1 

34 . 8 

24.8 

18.6 

EXTREME  MAXIMUM 
54.0  58.0 

67.0 

84.0 

90.0 

95.0 

99.0 

100.0 

92.0 

82.0 

71 . 0 

59.0 

EXTREME  MINIMUM 
-30.0  -35.0 

-18.0 

-9.0 

17.0 

24.0 

32.0 

28.0 

5.0 

-8.0 

-25.0 

-29.0 

HEATING  DEGREE 
1324  1072 

DAYS(65F) 

1104  765 

502 

294 

72 

1 1 2 

344 

623 

987 

1215 

121 


# 

CLIMATOLOGICAL  DATA  FOR 


BILLINGS 


LAT:  45.78  LONG:  108.50  ELEO:  947(M) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-4.9  -1.3 

1.6 

8.3 

13.4 

17.3 

21  .9 

20.8 

15.1 

9.8 

2.4 

-2.3 

DAILY  MAXIMUM 
2.3  5.1 

9.0 

16.8 

21.9 

25.4 

31.4 

30.6 

24.9 

18.6 

p n 

7 ■ A.. 

5.2 

DAILY  MINIMUM 
-11.4  -9.6 

-5.7 

-.1 

5.1 

8.9 

12.3 

10.7 

5.7 

.9 

-4.9 

-8.3 

EXTREME  MAXIMUM 
22.2  22.8 

26.7 

32.2 

35.0 

37.8 

42.2 

39.4 

37.2 

32.2 

22.8 

22.8 

EXTREME  MINIMUM 
-37.2  -35.0 

-29.4 

-13.9 

-10.0 

-1.1 

3.9 

.0 

-5.0 

-10.6 

-33.3 

-30.6 

HEATING  DEGREE 
720  548 

DAYS(18C) 

518  301 

160 

67 

6 

12 

inn 

1 tL  A. 

263 

476 

6 40 

CLIMATOLOGICAL  DATA  FOR 
BILLINGS 

LAT:  45.78  LONG:  108.50  ELEV:  31 17 (FT) 

TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  FAHRENHEIT 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
23.2  29.7 

DAILY  MAXIMUM 

34.9 

46.9 

56.1 

63.2 

71  .4 

69.5 

59.1 

49.7 

36.4 

27.8 

36.1  41.1 

DAILY  MINIMUM 

48.2 

62.3 

71.4 

77.8 

88.6 

87.0 

76.9 

65.5 

48.5 

41  .3 

11.5  14.8 

EXTREME  MAXIMUM 

21.7 

31.9 

41.2 

48.1 

54.1 

51.2 

42.2 

33.6 

">!  ") 

Am  \J  • Am 

17.0 

72.0  73.0 

EXTREME  MINIMUM 

80.0 

90.0 

95.0 

100.0 

108.0 

103.0 

99.0 

90.0 

73.0 

73.0 

-35.0  -31.0 

HEATING  DEGREE 

-21.0  7.0 

DAYS(65F) 

14.0 

30.0 

39.0 

32.0 

23.0 

13.0 

-28.0 

-23.0 

1296  988 

933 

543 

288 

121 

1 1 

23 

hm  t-  t 

4 74 

858 

1153 

122 


CLIMATOLOGICAL  DATA  FOR 
BOZEMAN 

LAT:  45.67  LONG:  111.03  ELEV:  1445(M) 


TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS  +*+ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JIJL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-6.4  -3.4 

-1.0 

5.6 

10.5 

14.2 

19.1 

18.3 

13,1 

7.8 

.1 

-3.8 

DAILY  MAXIMUM 

- ‘7  n 1 

■ / e 1 

5.0 

12.1 

17.4 

21.2 

27.5 

26.8 

20.8 

14.8 

5.8 

1.6 

DAILY  MINIMUM 
-12.2  -9.0 

-7.1 

-.9 

3.6 

7.2 

10.6 

9.7 

5.3 

. -8 

-5.6 

.-0  n 

f •* 

EXTREME  MAXIMUM 
14.4  16.7 

21.1 

27.2 

31.7 

32.8 

36.7 

37.2 

35.0 

27.8 

21.1 

15.0 

EXTREME. MINIMUM 
-37.8  -33.9 

-30.6 

-16.7 

-8.9 

-3.3 

.0 

-1  .7 

-8.9 

-12.8 

-32.2 

-33.9 

HEATING  DEGREE 
762  614 

DAYS(  180 

596  377 

238 

128 

25 

38 

160 

3?2 

542 

682 

LAT;  45.67 

TEMPERATURE  AVERAGES  BY  MONTH 


CLIMATOLOGICAL  DATA  FOR 
BOZEMAN 
LONG;  111.03 


ELEV:  4754 (FT) 


+++  DEGREES  FAHRENHEIT  *** 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOO 

DEC 

DAILY  AVERAGE 
20.4  25.9 

30.2 

42.1 

50.9 

57.6 

66.3 

64.9 

55.6 

46.1 

32.2 

'IS 

• 4'a 

DAILY  MAXIMUM 
30.7  35.8 

41.0 

53.7 

63.3 

70.2 

81  .5 

80.3 

69.5 

58.7 

42.4 

34.9 

DAILY  MINIMUM 
10.1  15.8 

19.2 

30.4 

38.5 

44.9 

51.1 

49.4 

41  .5 

33.4 

21 .9 

1 5.5 

EXTREME  MAXIMUM 
58.0  62.0 

70.0 

81.0 

89.0 

91  .0 

98.0 

99.0 

95.0 

82.0 

70.0 

59.0 

EXTREME  MINIMUM 
-36.0  -29.0 

-23.0 

2.0 

16.0 

26.0 

32.0 

29.0 

16.0 

9.0 

-26.0 

-29.0 

HEATING  DEGREE 
1372  1106 

DAYS(65F) 

1074  680 

429 

232 

45 

70 

288 

581 

976 

1229 

123 


CLIMATOLOGICAL  DATA  FOR 
BROUNING 

LAT;  18.55  LONG:  113.02  ELEV:  1356(H) 


TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS  +♦+ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOU 

PEC 

DAILY  AVERAGE 
-7.8  -1.7 

-2.8 

3.7 

9.0 

12.6 

16.8 

15.8 

1 1 .3 

6.7 

* 7 

m / 

-1 . 7 

DAILY  MAXIMUM 
-1.7  -.5 

3.1 

10.6 

16.1 

20.0 

25.6 

21.1 

18,5 

12.6 

1.5 

,1 

DAILY  MINIMUM 
-13.1  -12.2 

-8.8 

-2.8 

1 .8 

5.1 

7.6 

6.5 

2.8 

-1.1 

-6.9 

-10.3 

EXTREME  MAXIMUM 
18.9  20.0 

22.2 

32.8 

33.9 

36.7 

37.2 

36.7 

31,1 

28 . 3 

'’in  n 

A - C * 

20.6 

EXTREME  MINIMUM 
-18.9  -13.3 

-38.9 

-25.6 

-17.2 

-6.1 

-1.1 

-5.0 

-17.8 

-27 .2 

-39,1 

-13.9 

HEATING  DEGREE 
809  613 

DAYSdSC) 

651  138 

289 

1 75 

61 

<72 

219 

360 

571 

715 

CLTHAT0LO6ICAL  DATA  FOR 
BROUN ING 

LAT:  18.55  LONG:  113.02  ELEV:  1162(FT) 

TEMPERATURE  AVERAGES  BY  MONTH  *++  DEGREES  FAHRENHEIT 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

UCT 

NOU 

DEC 

DAILY  AVERAGE 
18.0  23.6 

DAILY  MAXIMUM 

27.0 

38.7 

18.2 

51.7 

62.3 

60.5 

52.3 

11,1 

30.7 

23.5 

29.0  31.1 

DAILY  MINIMUM 

39.1 

51.0 

61  .5 

68.0 

78.0 

76.0 

65.3 

51.6 

10.1 

32.8 

8.1  10.1 
EXTREME  MAXIMUM 

16.2 

26 . 9 

35.3 

11.2 

15.6 

13,7 

37.0 

30.1 

19.5 

13.1 

66.0  68.0 
EXTREME  MINIMUM 

72.0 

91.0 

93.0 

98.0 

99.0 

98.0 

91.0 

83.0 

72.0 

69,0 

-56.0  -16.0 

HEATING  DEGREE 

-38.0  -11.0 

PAYS(65F) 

1.0 

21.0 

21.0 

23.0 

.0 

-17.0 

-39.0 

-47.0 

1157  1159 

1178 

789 

521 

315 

111 

167 

395 

618 

1029 

1287 

CLIMATOLOGICAL  DATA  FOR 


BUTTE 

LAT:  46.00  LONO:  11'.?. 50  LLEO:  1749(M) 

TEMPERATURE  AVERAGES  BY  MONTH  +++  DEGREES  CELSIUS  +++ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUO 

SEP 

OCT 

MOV 

DEC 

DAILY  AVERAGE 
-9.4  -6.2 

-3.6 

3.2 

8.2 

12.2 

16. e 

15.7 

10.3 

5.1 

-2.3 

-7,1 

DAILY  MAXIMUM 
-2.3  .4 

3.9 

10.5 

15.9 

19.9 

26.7 

25.6 

19.7 

13.5 

4.6 

.3 

DAILY  MINIMUM 
-16.9  -14.7 

-10.2 

-3.5 

.8 

4.5 

7.3 

5.B 

1.6 

-2.9 

-9.4 

-13.5 

EXTREME  MAXIMUM 
12.2  15.6 

17.8 

26.1 

31.1 

33.9 

37.8 

37.2 

32,8 

28.3 

20.0 

16.7 

EXTREME  MINIMUM 
-44.4  -46.7 

-37.8 

-25.0 

-11  .1 

1 

B 

-1  .7 

-3.3 

-1 1 .1 

-28.3 

-41  . 1 

-38.3 

HEATING  DEGREE 
859  686 

DAYS  (180 

678  455 

313 

187 

66 

92 

24  2 

411 

618 

788 

CLIMATOLOGICAL  DATA  FOR 


BUTTE 


LAT:  46.00 

1 

t.. 

.GNO:  11 

2.50 

ELEV 

; 5755 

(FT) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

M*  DECREES 
JUL  AUC 

FAHRENHEIT  fit 
SEP  OCT 

NOV 

DEC 

DAILY  AVERAGE 
15.1  20.9 

25.6 

37.7 

46.8 

53.9 

62,2 

60.3 

50.6 

41.1 

27.9 

19.2 

DAILY  MAXIMUM 
27.8  32.7 

39.1 

50.9 

60.7 

67.9 

80.0 

78.0 

67.5 

56.3 

40.3 

32.5 

DAILY  MINIMUM 
1.5  5 . J 

13.7 

25.7 

33.5 

40.1 

45.1 

42.5 

, 34.8 

26.8 

15.0 

7.7 

EXTREME  MAXIMUM 
54.0  60.0 

64.0 

79.0 

88.0 

93.0 

100.0 

99.0 

91.0 

83.0 

68.0 

62.0 

EXTREME  MINIMUM 
-48.0  -52.0 

-36.0 

-13. 0 

12.0 

23.0 

29.0 

26.0 

12.0 

-19.0 

-42.0 

-37.0 

HEATING  DEGREE 
1547  1235 

DAYS(65F) 

1221  819 

564 

337 

119 

1 66 

437 

741 

1113 

1 4 20 

125 


CLIMATOLOGICAL  DATA  FOR 
CHOTEAO 

LAI:  4T.82  LON(3:  112.20  ELEV:  11L)5(M) 

lEMPERATURE  AVERAGES  HI  MONTH  +t+  DEGREES  CELSIUS  ft 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NO'J 

DEC 

DAILY  AVERAGE 
-6.1  -2.9 

DAILY  MAXIMUM 

-.8 

5.7 

10.9 

14.8 

19.1 

18.0 

12.8 

8.3 

1 ,0 

-3.1 

.7  2.6 

DAILY  MINIMUM 

6. 6 

12.9 

18.6 

22.4 

28.2 

n 7 1 

i.  <•  « t 

20.9 

15-5 

7.4 

3.6 

-13.2 

EXTREME 

-11.8 

MAXIMUM 

-7.7 

“2.2 

0 7 

6.8 

9.6 

7.9 

3.7 

*"  . J 

“6 . 6 

-9.6 

18.9 

EXTREME 

21  . 1 
MINIMUM 

27.8 

29.4 

33.3 

36.1 

40.6 

41  . 1 

35-6 

30.6 

25.0 

2'^  2 

-42.2 

HEATING 

-45.6 

DEGREE 

-37.8  -26.7 

DAYS(  180 

-13.3 

n 

m A- 

.6 

-1  .7 

-20.6 

-26 . 1 

-34.4 

-38.9 

756 

595 

594 

378 

230 

117 

26 

47 

177 

310 

520 

665 

CLIMATOLOGICAL  DAIA  FOR 


CHOTEAU 


LAT: 

47.82 

LONG:  11 

2.20 

ELEV 

: 3800 ( 

FT) 

TEMPERATURE  AVERAGES 

BY  MONTH 

t ♦ t 

DEGREES 

FAHRENHEIT  +♦+ 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NO'J 

DEC 

DAILY  AVERAGE 
21.1  26.7 

DAILY  MAXIMUM 

30.5 

42.3 

51  .6 

58.7 

66.3 

64.4 

55.0 

47.0 

33,8 

26.4 

33.2  36.6 

DAILY  MINIMUM 

43.8 

55.2 

65.4 

72.3 

82.7 

80.8 

69.6 

59.9 

45.4 

38.4 

8.2 

EXTREME 

10.8 

MAXIMUM 

18.2 

28.0 

36.9 

44.2 

49.2 

46.3 

38 . 7 

31.1 

20.1 

1 4 .8 

66.0 

EXTREME 

70.0 

MINIMUM 

82.0 

85.0 

92.0 

97.0 

105.0 

1 06 . 0 

96.0 

87.0 

77.0 

72.0 

-44.0 

KEATING 

-50.0 

DEGREE 

-36.0  -16.0 

DAYS(65F) 

8.0 

28.0 

33.0 

29,0 

-5.0  ■ 

-15.0 

-30.0 

-38.0 

1361 

1072 

1 070 

681 

415 

212 

47 

85 

320 

558 

936 

1 197 

126 


CLIMATOLOGICAL  DATA  FOR 
COLBTRIP 

LAT:  45.88  LONG:  106,63  ELEV:  ?7'JAt*.) 

TEMPERATURE  AVERAGES  BY  MONTH  +++  DECREES  CELSIUS  +++ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JIJL 

AUG 

SEP 

OCT 

NOO 

DEC 

DAILY  AVERAGE 
-6.1  -2.8 

. 2 

7.1 

12.4 

17.1 

21.9 

21.2 

15.0 

o n 

/ • A.. 

1 .3 

-3.6 

DAILY  MAXIMUM 
1.2  4.3 

7.7 

15.2 

20.7 

25.3 

31.8 

31.2 

24.4 

18.2 

8.6 

3.4 

DAILY  MINIMUM 
-13.5  -10.1 

-7.3 

-1.1 

4.1 

8.7 

12.1 

1 1 T 

1 < « V 

5.6 

^ 2 

-6.1 

-10.7 

EXTREME  MAXIMUM 
19.4  21.1 

26.7 

30.6 

35.6 

38.9 

41.7 

43.9 

38.9 

34 .4 

26.1 

21  .7 

EXTREME  MINIMUM 
-40.0  -35.0 

-33.3 

-16.1 

-10.6 

“2 . 2 

1 . 1 

. 6 

-7.8 

-13.9 

-35.6 

-37.2 

HEATING  DEGREE 
753  585 

DAYSnSC) 

556  346 

177 

58 

6 

13 

112 

27? 

508 

667 

CLIMATOLOGICAL  DATA  FOR 


COLSTRIP 

LAT:  45.88  LONG:  106.63  ELEV:  2540(ET) 


TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

+++  DEGREES 
JUL  AUG 

FAHRENHE 

SEP 

I T ++♦ 
OC  I 

NOV 

DEC 

DAILY  AVERAGE 
21,0  26.9 

32.3 

44.7 

54.3 

62.7 

71.5 

70.1 

59.0 

48.6 

34.3 

25.5 

DAILY  MAXIMUM 
34.2  39.8 

45.8 

59.3 

69.2 

77.6 

89.2 

88.1 

75.9 

64.8 

47.5 

38.2 

DAILY  MINIMUM 
7.7  13.9 

18..9 

30. 1 

39.4 

47.7 

53.8 

52,1 

42.0 

32.4 

21 . 1 

12.8 

EXTREME  MAXIMUM 
67.0  70.0 

80.0 

87.0 

96.0 

102.0 

107.0 

111.0 

102.0 

94.0 

79.0 

71.0 

EXTREME  MINIMUM 
-40.0  -31.0 

-28.0 

3.0 

13.0 

28.0 

34.0 

33.0 

18,0 

7.0 

-32.0 

-35.0 

HEATING  DEGREE 
1356  1053 

DAYS(65F) 

1001  624 

319 

105 

1 2 

24 

203 

500 

915 

1202 

127 


CLIftATOLOGICAL  DATA  FOR 
DILLON 


LAT:  45.25 

LONG: 

112.63 

ELEV:  15i37(M) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 

APR  MAY 

JUN 

+ + 1 

JIJL 

DEGREES 

AUG 

CELSIUS 

SEP  OCT  NO'J 

DEC 

DAILY  AVERAGE 
-5.4  -2.6 

-.3 

5.6 

10.4 

14.2 

18.4 

17.4 

12.6 

'1  0 
/ • < ^ 

.8 

-3.5 

DAILY  MAXIMUM 
1.2  3.5 

7 . 3' 

13.3 

18.6 

23.2 

28.1 

27.3 

2 1 . 9 

1 6 . 3 

8.1 

2.9 

DAILY  MINIMUM 
-11.3  -9.3 

-5.8 

-1.2 

7 7 

t-  ■ / 

5.9 

8.7 

7.3 

n 0 
* ■ / 

-.7 

-5.8 

-9.4 

EXTREME 

15.6 

MAXIMUM 

18.3 

23.3 

28.9 

32.8 

34.4 

37.2 

37.8 

33.9 

30.0 

26.1 

18.3 

EXTREME 

-37.8 

MINIMUM 

--40.O 

-32.2 

-18.3 

-9.4 

-3.9 

-1  .1 

-3.9 

-12.8 

-25.0 

-35.0 

-37.2 

HEATING 

7 7 7 

t o / 

DEGREE 

585 

DAYSd 

577 

80 

331 

216 

130 

n 7 

fjS 

1 7 7 

t * t 

325 

525 

676 

CLIMATOLOGICAL  DATA 

FOR 

DILLON 

LAT:  45.25 

LONG:  11 

2.63 

ELEV 

: 5057 

(FT  ) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

+♦+  DEGREES 
JUL  AUG 

FAHRENHEIT  ++♦ 
SEP  OCT 

NOV 

DEC 

DAILY  AVERAGE 

22.2  27.4  31.5 

42.1 

50.7 

57.5 

65.1 

63.4 

54.7 

46. 1 

33.5 

25 . 7 

DAILY  MAXIMUM 

34.2  38.3  45.2 

55.9 

65.4 

73.8 

82.6 

B1.1 

71.4 

61.4 

46.5 

37.2 

DAILY  MINIMUM 

11.7  15.3  21.5 

29.9 

36.9 

42.7 

47.7 

45. 1 

37.2 

30.7 

21  .5 

15.1 

EXTREME  MAXIMUM 

60.0  65.0  74.0 

84.0 

91  .0 

94.0 

99.0 

100.0 

93.0 

86.0 

79.0 

65.0 

EXTREME  MINIMUM 
-36.0  -40.0  -26.0 

-1.0 

15.0 

25.0 

30.0 

25.0 

9.0 

-13.0 

-31.0 

-35.0 

HEATING  DEGREE  DAYS(65F) 

1327  1053  1039  687 

443 

235 

50 

100 

319 

586 

945 

1218 

128 


CLIHATOLDGICAL  DATA  FOR 
ENNIS 

LAT:  45.35  LONG:  111.73  ELEL':  1193(«) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS  +++ 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JIJL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-5.2  -2.5 

-.4 

5.4 

10.2 

13.9 

18.2 

17.3 

12.3 

7 7 

/ ft  / 

1.0 

-2.9 

DAILY  MAXIMUM 
-.1  2.2 

6.3 

13.0 

18-6 

22.9 

28.2 

27-2 

21  .7 

15.3 

6.7 

2.0 

DAILY  MI 
-11.3 

NIMUM 

-9.6 

-6.5 

“2-1 

2 . 1 

5.7 

8.5 

7 

3.1 

-.6 

-5.6 

-8.6 

EXTREME 

14.4 

MAXIMUM 

16.7 

24.4 

27.8 

34.4 

36.1 

37.8 

36.1 

33.3 

30.0 

21  .7 

20.0 

EXTREME 

-41.7 

MINIMUM 

-41.7 

-33.9 

-21.7 

-9.4 

-4.4 

.0 

-2.8 

-11.1 

--23.3 

- 32 . 8 

-38.3 

HEATING 

730 

DEGREE 

583 

DAYS  ( 180 

580  386 

251 

138 

37 

52 

186 

330 

520 

657 

CLIMAT0L06ICAL  DATA  FOR 
ENNIS 


LAT:  45.35  LONG:  11 

TEMPERATURE  AVERAGES  BY  MONTH 


JAN  FEB 

MAR 

APR 

MAY 

JUM 

DAILY  AVERAGE 
22.6  27.5 

31.3 

41.8 

50.4 

57.0 

DAILY  MAXIMUM 
31.8  36.0 

43-4 

55.4 

65.5 

73.3 

DAILY  MINIMUM 
11.6  14.7 

20.3 

28.3 

35.8 

42.3 

EXTREME  MAXIMUM 
58.0  62.0 

76.0 

82.0 

94.0 

97.0 

EXTREME  MINIMUM 
-43.0  -43.0 

-29.0 

-7.0 

15.0 

24.0 

HEATING  DEGREE 
1314  1050 

riAYS(65F) 

1045  696 

4 53 

249 

.73  ELEV;  4927 (FT) 

+++  DEGREES  FAHRENHEIT 


JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

64.7 

63.1 

5 4.1 

45.8 

33.8 

26.8 

82.8 

81.0 

71  .0 

59.5 

4 4.0 

35.6 

47.3 

44.9 

37.5 

30.9 

21.9 

16.5 

100.0 

97.0 

92.0 

86.0 

71  -0 

68.0 

32.0 

27.0 

12.0 

-10.0 

-27.0 

-37.0 

68 

94 

336 

595 

936 

1 184 

129 


CLIflATOLOGICAL  DATA  FOR 
FORT  BFRTDR 

LAT:  47.80  LONG:  f!0-67  ELFV:  790(M) 

TEMPERATURE  AVERAGES  BY  MONTH  +t+  DEOREFS  CELSIUS 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-7.3  -3.3 

DAILY  MAXIMUM 

-.1 

7.3 

12.8 

16.7 

20.9 

20.0 

14.1 

8.8 

.9 

-4.3 

.1  1.6 
DAILY  MINIMUM 

6 . 6 

15.4 

20.2 

23.8 

29.6 

28.5 

22.6 

17.1 

7.2 

3.1 

-12.9  -12.0 

EXTREME  MAXIMUM 

-7.1 

-.3 

4.9 

9.2 

1 1 .9 

10.5 

5.7 

.7 

-5.6 

-9.4 

22.2  21.1 
EXTREME  MINIMUM 

27.8 

33.9 

34.4 

42.2 

43.9 

42.8 

38,3 

33.3 

25.6 

22 . 8 

-50.0  -42.8 

HEATING  DEGREE 

-41.1  -21.1 

DAYS(  180 

-10.0 

-2.8 

-.6 

-2.8 

-12.8 

-21.1 

-37.8 

-50.6 

806  605 

571 

330 

176 

78 

8 

18 

1 40 

284 

523 

701 

im 


CLIHATOLOGICAL  DATA  FOR 


FORT  BENTON 


LAT: 

47.80 

LONG: 

110.67 

EI..EV:  2600vF 

T) 

TEMPERATURE  AVERAGES 

BY  MONTH 

DEGREES 

FAHRENHEIT  ttf 

JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

8EP  OCT 

NOV 

DEC 

DAILY  AVERAGE 
18.8  26.1 
DAILY  MAXIMUM 

31.8 

45.2 

55 . 0 

62.0 

69.7 

68,0 

57.3  47.9 

33.6 

24.3 

32.1  34.9 

DAILY  MINIMUM 

43.9 

59.7 

68.4 

74.9 

85.3 

83.3 

72.7  62.7 

45.0 

37.6 

8.7  10.4 

EXTREME  MAXIMUM 

19.2 

31.5 

40.9 

48.6 

53.4 

50.9 

42.2  33.2 

21  ,9 

15.1 

72.0  70.0 

EXTREME  MINIMUM 

82.0 

93.0 

94.0 

108.0 

111.0 

109.0 

101.0  92.0 

78.0 

73.0 

-59.0  -45.0 

HEATING  DEGREE 

-42.0  -6.0 

DAYB(65F) 

14.0 

27.0 

31.0 

27.0 

9.0  -6.0  - 

36.0 

-59.0 

1451  1089 

1029 

594 

317 

141 

16 

33 

253  530 

942 

1 262 

130 


CLIrtAfOLOGICAL  DATA  FOR 
GLAS60U 


LAT; 

48.20 

LONG; 

106.63 

ELEV 

: 636 (N) 

TEMPERATURE  AVERAGES 

BY  MONTH 

+ •+  + 

DEGREES 

CELSIUS 

++  + 

JAN  FED 

MAR 

APR 

MAY 

JUN 

JOL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-11.9  -9.7 

DAILY  MAXIMUM 

-2.0 

6.9 

13.1 

17.6 

00  *7 

20.0 

14,0 

7.5 

- n ^ 0 

-9 . 0 

^6.9  -4.6 

3.0 

13.2 

20.2 

24.4 

30.4 

28.6 

21  .4 

14.4 

3.3 

-3.9 

DAILY  MINIMUM 
-17.0  -14.9 

EXTREME  MAXIMUM 

-7.0 

.6 

5.9 

10.7 

14.2 

12.4 

6 .6 

.6 

-7.8 

-14.1 

16.1  15.0 

EXTREME  MINIMUM 

25.6 

33.9 

38.9 

36.1 

42.2 

42.2 

38. 9 

35.6 

21.1 

17.8 

-45.6  -36.1 

-33.9 

-20.0 

-8.9 

n 0 

m 

3.9 

.6 

-6.1 

-13.9  - 

29.4 

-35.0 

HEATING  DEGREE 

DAYSdBL) 

938  785 

630 

343 

183 

72 

B 

18 

145 

336 

616 

847 

CL.TMATOLOG.ICAL  DATA  FOR 
GLASGOU 

LAT:  48.20  LONG:  106.63  ELEO:  2095(FT) 


TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  FAHRENHEIT  ♦ +* 


JAN 

FEB 

MAR 

APR 

, MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
10.5  14.5 

28.4 

44.4 

55.5 

63.6 

70  0 

68.9 

57.2 

45.5 

28.0 

15.8 

DAILY  MAXIMUM 
19.6  23.7 

37.4 

55.7 

68.4 

75.9 

86.7 

83.5 

70.5 

57.9 

37.9 

24 . 9 

DAILY  MINIMUM 
1.4  5.2 

19.4 

33.0 

42.6 

51.2 

57.6 

54.3 

43.8 

33 . 1 

18.0 

6.6 

EXTREME 

61.0 

MAXIMUM 

59.0 

78.0 

93.0 

102.0 

97.0 

108.0 

108.0 

1 02 . 0 

96.0 

70 . 0 

64.0 

EXTREME 

-50.0 

MINIMUM 

-33.0 

-29.0 

-4.0 

16.0 

36 . 0 

39.0 

33.0 

21  .0 

7.0 

-21  .0 

-31.0 

HEATING 

1690 

DEGREE 

1414 

DAY8{65F 

1135 

) 

618 

330 

131 

15 

34 

262 

605 

1110 

1 525 

131 


CLTHATOLOGICAL  DATA  FOR 
GLENDIVE 


LAT:  47.12  LONG:  104.7.1  ELEV:  629(M) 


TEMPERATURE  AVERAGES  BY  MONTH  +**  DEGREES  CELSIUS 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

-9.5  -6.4 

-.9 

8.0 

14.3 

18.8 

23.3 

22..  3 

15.7 

9-7 

.6 

-5.6 

DAILY  MAXIMUM 

-3.7  -1.8 

5.2 

15.5 

21  .8 

26.4 

31  .8 

30.7 

23.8 

16.7 

6.1 

-.6 

DAILY  MINIMUM 

-16.1  -14.8 

EXTREME  MAXIMUM 

-8.1 

.3 

6,1 

1 1.3 

14.6 

12.8 

6.7 

.6 

-6 . 6 

-12.5 

17.2  22.8 

29.4 

35.6 

40.0 

42.8 

47.2 

45.0 

40.0 

35.0 

24.4 

nn  n 

A.  *.  • JU. 

EXTREME  MINIMUM 

-44.4  -45.6 

HEATING  DEGREE 

-36.7  -21.1 

DAYSdSC) 

-8.9 

-1.7 

2.2 

.0 

-8.9 

-25.0 

-.62.2 

-40.0 

862  692 

596 

313 

1.36 

50 

4 

7 

113 

268 

531 

742 

CLIMATOLOGICAL  DATA  FOR 
GLENDIVE 

LAT:  47.12  LONG:  104. 7;i  ELEV:  :K)71(FT) 


TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  FAHRENHEIT  t * t 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
14.9  20.5 

30.4 

46.4 

57.8 

65.9 

74.0 

7 0 O 

/ 4.  ■ 4. 

60.2 

49.4 

33.1 

'>1  o 

I • .* 

DAILY  MAXIMUM 

25.3  28.8 

41  .4 

59.9 

71  .3 

79.6 

89.2 

87.3 

74.9 

62-1 

43.0 

31.0 

DAILY  MINIMUM 

3.0  5.3 

17.4 

32.5 

43.0 

52.3 

58.2 

55.0 

44.1 

33.0 

20.2 

9.5 

EXTREME  MAXIMUM 

63.0  73.0 

85.0 

96.0 

104.0 

109.0 

117.0 

1 13.0 

104.0 

95.0 

76.0 

72.0 

EXTREME  MINIMUM 

-48.0  -50.0 

-34.0 

-6.0 

16.0 

29.0 

36.0 

32.0 

16.0 

-13.0 

-26.0 

-40.0 

HEATING  DEGREE 
1553  1246 

DAYS(65F) 

1073  564 

246 

90 

8 

13 

204 

484 

957 

1336 

132 


CLIMATOLOGICAL  DATA  FOR 
GREAT  FALLS 

LAT:  47.52  LONG:  111.30  ELEV:  1012(H) 

TEMPERATURE  AVERAGES  BY  MONTH  **■*  DEGREES  CELSIUS  ++♦ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-6.4  -3.0 

-.8 

6.3 

11.8 

16.0 

20.7 

19.7 

14.1 

9.1 

1.4 

-3.1 

DAILY  MAXIMUM 
-1.5  2.2 

4.7 

12.5 

18.3 

22.3 

28.7 

27.7 

21.1 

15.2 

6.3 

1 .5  - 

DAILY  MINIMUM 
-11.3  -8.2 

-6.3 

.2 

5.3 

9.7 

12.7 

11.7 

7.0 

2.8 

-3.5 

-7.7 

EXTREME  MAXIMUM 
16.1  17.8 

22.2 

28.3 

32.2 

36.1 

40.6 

41  .1 

36.7 

29.4 

nn  ') 

C A*  • 

16.1 

EXTREME  MINIMUM 
-38.3  -30.0 

-28.3 

-15.0 

-.“7  n 

f m L. 

.0 

4.4 

2.8 

-5.0 

-19.4 

-26.1 

-41.7 

HEATING  DEGREE 
766  597 

DAYS(18C) 

594  360 

203 

90 

10 

23 

144 

291 

506 

663 

CLIMATOLOGICAL  DATA  FOR 
GREAT  FALLS 


LAT:  47.52  LONG:  111.30  ELEV:  3330(FT) 


TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

DEGREES 
JUL  AUG 

FAHRENHEIT 

SEP  OCT 

NOV 

DEC 

DAILY  AVERAGE 
20.5  26.6 

30.5 

43.4 

53.3 

60.8 

69.3 

67.4 

57.3 

48.3 

34.6 

26.5 

DAILY  MAXIMUM 
29.3  35.9 

40.4 

54.5 

65.0 

72.1 

83.7 

81 .8 

70.0 

59.4 

43.4 

34.7 

DAILY  MINIMUM 
11.6  17.2 

20.6 

32.3 

41  .5 

49.5 

54.9 

53.0 

44.6 

37.1 

25.7 

18.2 

EXTREME  MAXIMUM 
61.0  64.0 

72.0 

83.0 

90.0 

97.0 

105.0 

106.0 

98.0 

85.0 

72.0 

61  .0 

EXTREME  MINIMUM 
-37.0  -22.0 

-19.0 

5.0 

19.0 

32.0 

40.0 

37.0 

23.0 

-3.0 

-15.0 

-43.0 

HEATING  DEGREE 
1380  1075 

DAYS(65F) 

1070  648 

367 

162 

18 

42 

260 

524 

912 

1194 

133 


CL-IMATOLOeiCAL  DATA  FDR 
HAMILTON 

LAT:  46.25  LONG:  1H.15  ELEM:  1094(M) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS 


JAN  FEB 

MAR 

APR 

HAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-4.0  -.4 

2.3 

7.6 

1 1.9 

15.4 

19.7 

18.6 

13.7 

8. 1 

1 .6 

-2.3 

DAILY  MAXIMUM 
1.3  4.1 

9.2 

15.6 

20.2 

23.9 

29.6 

28.4 

22.3 

15.6 

7.6 

2.6 

DAILY  MINIMUM 
-9.1  -7.1 

-3.2 

.7 

4.3 

7.6 

10.4 

9.3 

5.4 

.9 

-3.8 

-7.2 

EXTREME  MAXIMUM 
16.7  21.7 

23.3 

32.2 

38.9 

37.8 

39.4 

3S.9 

36.7 

in  n 

W « • ll. 

nn  n 

18.9 

EXTREME  MINIMUM 
-37.8  -39.4 

-25.6 

-17.2 

-7.8 

-1.7 

.6 

-0 

-7.8 

-18.3 

-31  .1 

-34.4 

HEATING  DEGREE 
692  525 

DAYS(18C) 

496  321 

201 

95 

15 

36 

148 

318 

503 

638 

m 


CLIMATOLOGICAL  DATA  FOR 
HAMILTON 

LAT!  46.25  LONG:  114.15  ELEV:  36O0(FT) 


TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  FAHRENHEIT  ***■ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
24.8  31.2 

36.2 

45.7 

53.5 

59.8 

67.5 

65.5 

56.7 

46.5 

34.8 

27.9 

DAILY  MAXIMUM 
34.4  39.3 

48.6 

60.0 

68.4 

75.1 

85.2 

83.1 

72.2 

60.0 

45.6 

36.6 

DAILY  MINIMUM 
15.7  19.2 

26.2 

33.2 

39.7 

45.7 

50.8 

48.8 

41  .7 

33.6 

25.2 

19.1 

EXTREME  MAXIMUM 
62.0  71.0 

74.0 

90.0 

102.0 

100.0 

103.0 

102.0 

98.0 

90.0 

72.0 

66.0 

EXTREME  MINIMUM 
-36.0  -39.0 

-14.0 

1.0 

18.0 

29.0 

33.0 

32.0 

18.0 

-1.0 

-24,0 

-30.0 

HEATING  DEGREE 
1246  946 

DAYS(65F) 

893  579 

362 

171 

27 

66 

267 

574 

906 

1150 

134 


CLIHA10L06ICAL  DATA  FOR 
HARLOUTON 

LAT;  46.43  LONG:  109.83  ELEV:  1266(H) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  r:ELSIUS  +♦  + 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

-5.7  -3.6 

-1.0 

5.6 

10.7 

14.2 

18,.  9 

17.6 

12.5 

7.8 

.4 

-'ip 

4.  ■ 7 

DAILY  MAXIMUM 

.9  3.3 

6.3 

13.6 

19.1 

22.3 

28.5 

m 7 

t,  .f  ■ / 

21.9 

16.4 

7.6 

3.5 

DAILY  MINIMUM 

-12.3  -10.6 

EXTREME  MAXIMUM 

-8.3 

-2.4 

2.3 

6.1 

9.2 

7.4 

3.1 

« 7 

r»  / 

-6.7 

-9.4 

17.2  23.3 

24.4 

30.6 

33.9 

35.0 

38.9 

38.3 

36.1 

32.8 

25.6 

20.6 

EXTREME  MINIMUM 

-38.9  -39.4 

HEATING  DEGREE 

-34.4  -22.2 

DAYS(18C) 

-15.6 

-4.4 

.6 

-1  .7 

-r>  2 

1 n-  m u 

-15.0 

-33.9 

-39.4 

745  601 

604 

394 

235 

115 

25 

45 

1 “77 

1 / / 

31 1 

533 

658 

CLIMATOLOGICAL  DATA  FOR 
HARLOL'TON 

LAT:  46.43  LONG:  109.83  ELEV:  4167(FT) 


TEMPERATURE  AVERAGES  BY  MONTH 


JAN 

FEB 

MAR 

APR 

MAY 

DAILY  AVERAGE 

n 1 7 

•Lit* 

25.5 

30.2 

42.1 

51  .3 

DAILY  MAXIMUM 

33.6 

38.0 

43.4 

56.5 

66.4 

DAILY  MINIMUM 

9.8 

12.9 

17.0 

27.7 

36.2 

EXTREME 

MAXIMUM 

63.0 

74.0 

76.0 

87.0 

93.0 

EXTREME 

MINIMUM 

-38.0 

-39.0 

-30.0 

-8.0 

4.0 

HEATING 

DEGREE 

DAYS(65F) 

1342 

1083 

1088 

710 

4 24 

***  DEGREES  FAHRENHEIT  *** 


JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

57.6 

66.0 

63.6 

54.5 

46.1 

32.8 

26.7 

in  n 

83.3 

81.8 

71  .4 

61.5 

45.6 

38.3 

43.0 

48.6 

45.3 

37.5 

30.7 

20.0 

15.0 

95.0 

102.0 

101 .0 

97.0 

91.0 

CD 

% 

o 

69.0 

24.0 

33.0 

29.0 

10.0 

5.0 

-29.0 

-39.0 

207 

46 

82 

319 

561 

961 

1186 

135 


CLIMATOLOGICAL  DATA  FOR 
HAVRE 


LAT: 

48.57 

LONG: 

109,67 

ELEV 

: 755 

(H) 

TEMPERATURE  AVERAGES 

BY  MONTH 

DEGREES 

CELSIUS 

JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOU 

DEC 

DAILY  AVERAGE 
-8.8  -7.3 

DAILY  MAXIMUM 

-.9 

7.3 

13.2 

17.2 

21.8 

20.0 

13.9 

8.2 

-.6 

-6.4 

-3.2  -1.3 

DAILY  MINIMUM 

5.0 

14.2 

20.4 

24.0 

29.9 

28.3 

21.7 

15.4 

5.3 

-.9 

-H.4  -13.3 

EXTREME  MAXIMUM 

-6.9 

.3 

5.9 

10.3 

13-7 

11.7 

6.1 

.9 

-6.6 

-12.1 

18.3  21.7 

EXTREME  MINIMUM 

25.0 

35.0 

36.7 

41.7 

41.7 

41  .1 

36.7 

32.8 

23.3 

21  .7 

-49.4  -44.4 

HEATING  DEGREE 

-35.6  -22.2  - 

IIAYS(  180 

■10.0 

-1.7 

2.8 

-2.8 

-7.8  • 

-21.7 

-33.3 

-37.8 

840  717 

597 

331 

173 

69 

1 1 

21 

150 

313 

568 

768 

CLIMATOLOGICAL  DATA  FOR 
HAVRE 

LAT:  48. S7  LONG:  109,67  ELEV;  2486 (FT) 

TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  FAHRENHEIT 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AOG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
16.2  18.9 

DAILY  MAXIMUM 

30.3 

45.1 

55.7 

62.9 

71  .3 

68.0 

57.0 

46.8 

30.9 

20.4 

26.3  29.6 

DAILY  MINIMUM 

41.0 

57.6 

68.8 

75.2 

85.9 

82.9 

71.0 

59.8 

41  .5 

30.4 

6.1 

EXTREME 

8.1 

MAXIMUM 

19.5 

32.5 

42.6 

50.6 

56.6 

53.1 

42.9 

33,7 

20.2 

10.3 

65.0 

EXTREME 

71.0 

MINIMUM 

77.0 

95.0 

98.0 

107.0 

107.0 

106.0 

98.0 

91.0 

74.0 

71.0 

-57.0 

HEATING 

-48.0 

DEGREE 

-32.0  -8.0 

DAYS(65F) 

14.0 

29.0 

37.0 

27.0 

18.0 

-7.0 

-28.0 

-36.0 

1513 

1291 

1076 

597 

313 

125 

20 

38 

270 

564 

1023 

1383 

136 


LAT:  46.58 

TEMPERATURE  AVERAGES  BY  MONTH 


JAN 

FEB 

MAR 

APR 

DAILY  AVERAGE 

-7.4 

-4.9 

-.3 

6.3 

DAILY  MAXIMUM 

-1  ,8 

.9 

5.8 

13.4 

DAILY  MINIMUM 

-13.1 

-10.7 

-6.6 

-.8 

EXTREME 

MAXIMUM 

10.0 

15.6 

21.1 

2A.4 

EXTREME 

MINIMUM 

-21  .7 

-23.9 

-26.7 

-11.1 

HEATING 

DEGREE 

DAYS(18C) 

798 

650 

578 

361 

CLIMATOLOGICAL  DATA  FOR 
HELENA 

LON(3:  112.03 


+ ■+..+  DEGREES 


MAY 

JUN 

JUL 

AUG 

1 1 .6 

15.3 

20.2 

19.0 

18.8 

22.4 

29.1 

27.9 

4.4 

8.1 

11.3 

10.1 

30.0 

31 . 1 

35.0 

35.0 

-2.8 

0 n 

5.6 

4,4 

211 

108 

17 

32 

ELEV:  1253(H) 


CELSIUS 

SEP 

OCT 

NO'J 

DEC 

13.3 

7.6 

_ n 

n 4. 

-4,3 

21.6 

14.9 

5.8 

1 .2 

5. 1 

.2 

-6.2 

-9.9 

32.8 

29.4 

19.4 

15.0 

• 7 0 

/mi. 

-6. 1 

-19.4 

-38.9 

163 

333 

556 

702 

LAT:  46.58 
TEMPERATURE  AVERAGES  BY  MONTH 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

DAILY  AVERAGE 
18.6  23.2 

31.4 

43.3 

52.9 

59.5 

DAILY  MAXIMUM 
28.8  33.7 

42.5 

56.1 

65.8 

72.3 

DAILY  MINIMUM 
8.4  12.7 

20.2 

30.5 

39.9 

46.6 

EXTREME  MAXIMUM 
50.0  60.0 

70. 0 

76 . 0 

86.0 

88.0 

EXTREME  MINIMUM 
-7.0  -11.0 

-16.0 

12.0 

27.0 

36.0 

HEATING  DEGREE 
1438  1170 

DAYS(65F) 

1042  651 

381 

195 

ELEV:  4124(FT) 
***  DEGREES  FAHRENHEIT  +♦+ 


JUL 

AIJ(3 

SEP 

OCT 

NOV 

DEC 

68.4 

66.2 

56.0 

45.6 

31.6 

24.2 

84.4 

82.2 

70.8 

58.8 

42.4 

34.2 

52.3 

50.1 

41.2 

32.3 

20.8 

14.2 

95.0 

95.0 

91  .0 

85.0 

67.0 

59.0 

42.0 

40.0 

19.0 

21.0 

O 

• 

1 

-38.0 

31 

59 

294 

601 

1002 

1265 

CLIMATOLOGICAL  DATA  FOR 
HELENA 

LONG:  112.0;3 


137 


CLIMATOLOGICAL  DATA  FOR 
JORDAN 


LAT: 

47.32 

LONG:  106 

.90 

ELEV 

: 851(N) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

HAY 

JUN 

JOL 

DEGREES 

AUG 

CELSIUS 

SEP 

+ k + 

OCT 

NOU 

DEC 

DAILY  AVERAGE 
-9.5  -5.8 

-1.3 

6.9 

12.8 

17.5 

22.3 

21.2 

14.6 

8-5 

-.1 

-6.0 

DAILY  MAXIMUM 
-2.2  -.2 

6.2 

15.0 

21.1 

25.9 

32.4 

30.9 

24.  4 

17-0 

■;  1 
/ ■ I 

1 .3 

DAILY  MINIMUM 
-16.3  -15.1 

-8.4 

-1.3 

4.4 

9.3 

12.9 

1 1 .2 

5.1 

-.9 

-7.8 

-12.9 

EXTREME  MAXIMUM 
16.7  22.2 

27.2 

34.4 

38.9 

43.9 

44.4 

43.3 

41  .7 

33.9 

24.4 

21  .7 

EXTREME  MINIMUM 
-46.1  -50.0 

-37.2 

-25.0 

-12.2 

-1.7 

-.6 

.0 

-7.8 

-25.6  - 

■35.0 

-39.4 

HEATING  DEGREE 
862  675 

DAYSdSC) 

609  341 

175 

70 

1 

/ 

12 

1 33 

305 

551 

754 

CLIMATOLOGICAL  DATA  FOR 
JORDAN 

LAT:  47.32  LONO:  106.90  ELEV:  2800(ET) 

*TEMPERATURE  AVERAGES  BT  MONTH  +**  DEGREES  FAHRENHEIT 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
14.9  21.6 

29.6 

44.5 

55-1 

63.5 

72.1 

70.1 

58.2 

47.3 

31.9 

Tt  n 

A.  i M k 

DAILY  MAXIMUM 
28.1  31.7 

43.2 

59.0 

70.0 

78.6 

90.3 

87,7 

75.9 

62.6 

44.8 

34.4 

DAILY  MINIMUM 
2.7  4.8 

16.8 

29.6 

40.0 

48.8 

55.3 

52  „1 

41 . 1 

30.3 

17.9 

8.7 

EXTREME  MAXIMUM 
62.0  72.0 

81.0 

94.0 

102.0 

111.0 

112.0 

110.0 

107.0 

93 . 0 

76.0 

71.0 

EXTREME  MINIMUM 
-51.0  -58.0 

-35.0 

-13.0 

10.0 

29.0 

31.0 

32.0 

18.0 

-14.0 

-31.0 

-39.0 

HEATING  DEGREE 
1553  1215 

DAYS(65F) 

1'097  615 

316 

127 

14 

nn 

A.  A. 

240 

549 

993 

1 358 

138 


CLIMATOLOGICAL  DATA  FOR 
KALISPELL 


LAT: 

18.22 

LONG:  114 

.27 

ELEV 

: 899(M) 

TEMPERATURE  AVERAGES 
JAR  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

DEGREES 
JUL  AUG 

CELSIUS 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-6.5  -3.9 

0 

• t 

6.5 

1 1.3 

14.7 

18.9 

17.8 

12.5 

6.9 

.0 

-4.1 

DAILY  MAXIMUM 
-2.2  1.2 

6.2 

12.9 

18.3 

21.9 

27.8 

26.9 

20.5 

13.2 

3.9 

-.4 

DAILY  MINIMUM 
-10.8  -9.0 

.1 

4.3 

7.4 

9.9 

8.6 

4.4 

.5 

-3.9 

-7.7 

EXTREME  MAXIMUM 
8.3  11.; 

16.1 

22.8 

30.6 

33.9 

40.0 

40.6 

TtO  '} 

U A.  n I. 

26.1 

17.8 

8.9 

EXTREME  MINIMUM 
-30.6  -30.0 

-33.9 

-6.1 

.0^2 

-.6 

n T 

•L  a •• 

2.8 

-5.0 

-7.8  - 

•33.3 

-25.6 

HEATING  DEGREE 
270  622 

DAYSdSC) 

538  355 

217 

119 

26 

46 

181 

355 

550 

693 

CLIMATOLOGICAL  DATA  FOR 
KALISPELL 

LON(3:  114n2;'  LLEO:  2959 (FT) 


TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

DEGREES 
JUL  AUG 

FAHRENHEIT  *** 
SEP  OCT 

NOV 

DEC 

DAILY  AVERAGE 
20.3  25.0 

33.7 

43.7 

52.4 

58.4 

66.0 

64.0 

54,5 

44.4 

32.0 

24.7 

DAILY  MAXIMUM 
28.0  34.1 

43.2 

55.2 

65.0 

71.4 

82.1 

80.5 

68.9 

55.8 

39.1 

31.2 

DAILY  MINIMUM 
12.6  15.8 

24-1 

32.2 

39.8 

45.4 

49.9 

47.4 

40.0 

32.9 

24.9 

18.2 

EXTREME  MAXIMUM 
47.0  53.0 

61.0 

73.0 

87.0 

93.0 

104.0 

105.0 

90.0 

79.0 

64.0 

48.0 

EXTREME  MINIMUM 
-23.0  -22.0 

-29.0 

21.0 

28.0 

31  .0 

36.0 

37.0 

23.0 

18.0 

-28.0 

-1 4,0 

41EATING  DEGREE 
•1386  1 1 20 

DAYS(65F) 

970  639 

391 

215 

47 

83 

326 

639 

990 

1249 

139 


CLIMATOLOGICAL  DATA  FOR 
LEUISTOUN 

LAT:  47.07  LONG:  109.42  ELEV:  1203(M) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS  *** 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

V -6.9  -5.3 

-1.9 

4.9 

10.3 

14.1 

18.9 

18.0 

12.7 

7.8 

.1 

-3.6 

•DAILY  MAXIMUM 
* -.6  1.3 

4.3 

11.9 

17.7 

21.3 

07  7 

^ t % ! 

26.9 

20.9 

15.4 

6 . 6 

2.8 

•DAILY  MINIMUM 
-13.2  -11.9 

-8.1 

-2.2 

2.9 

6.8 

10.1 

9.1 

4.5 

0 

M i. 

-6.4 

-9,9 

EXTREME  MAXIMUM 
18.9  17.8 

23.3 

31.7 

33.3 

37.2 

37.8 

39.4 

35.6 

31.7 

25.0 

23.3 

EXTREME  MINIMUM 
-36.7  -41.1 

-33.3 

-27.2 

-11.7 

0 

.6 

.0 

-6.7 

-23.3 

-33.9 

-35.6 

HEATING  DEGREE 
776  635 

DAYS(18C) 

638  422 

253 

125 

36 

46 

178 

322 

546 

677 

CLIMATOLOGICAL  DATA  FOR 
LEUISTOUN 

LAT:  47.07  LONG:  109,42  ELEV:  396()(FT) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  FAHRENHEIT 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
19.6  22.5 

28.6 

40.8 

50.5 

57.3 

66.1 

64.4 

54.9 

46,1 

7 

O ■ W 

25.6 

DAILY  MAXIMUM 
31.0  34.4 

39.8 

53.5 

63.8 

70.4 

81.9 

80,4 

69,6 

59.8 

43.8 

37.0 

DAILY  MINIMUM 
8.2  10.5 

17.4 

28.0 

37.2 

44.2 

50.2 

GO 

• 

40.1 

32.3 

20.5 

14.2 

EXTREME  MAXIMUM 
66.0  64.0 

74.0 

89.0 

92.0 

99.0 

100.0 

103,0 

96.0 

89,0 

77.0 

74.0 

EXTREME  MINIMUM 
-34.0  -42.0 

-28.0 

-17.0 

1 1.0 

28.0 

33.0 

32.0 

20.0 

-10.0 

-29.0 

-32.0 

HEATING  DEGREE 
1397  1143 

DAYS(65F) 

1149  760 

456 

225 

66 

84 

322 

581 

984 

1219 

140 


CLIHATOLOGICAL  DATA  FOR 
LIBBY 


LAT:  48.40 

LONG:  115 

,58 

ELEV 

: 624(M) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

++*  DEGREES 
JUL  AUG 

CELSIUS 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

_r  L 

2.4 

7.7 

12.4 

15.8 

19.7 

18,5 

13.9 

7.9 

.3 

-2.9 

DAILY  MAXIMUM 
-.7  3.8 

9.7 

16.8 

22.3 

25.7 

32.1 

30.8 

24.5 

15.2 

4.6 

.7 

DAILY  MINIMUM 
-10.5  -8.3 

-4.9 

-1.4 

2.6 

5.8 

7.3 

6.1 

3.3 

.7 

-4.1 

-6.5 

extreme  maximum 
13.3  17.2 

23.9 

31  .7 

38.9 

38.9 

42.2 

42.8 

38.9 

31.7 

19.4 

13.9 

extreme  minimum 

-38.9  -38.3 

-28.9 

-20.6 

-11  .1 

-4.4 

-1  ,1 

-2.2 

-8.9 

-21.7  - 

-32.2 

-31.1 

HEATING  DEGREE 
716  550 

IiAYS(  180 

510  331 

189 

88 

26 

35 

140 

340 

547 

655 

CLIMATOLOGTCAL  DATA  FOR 


LAT:  48.40 


LIBBY 

LONG:  115.58 


ELEVs  2053 (FT) 


TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

***  degrees 

FAHRENHEIT  ++* 

MAY 

JUN 

JUL 

AUG 

SEP 

UCT 

NGV 

DEC 

DAILY  AVERAGE 

22.0  28.0  36.4 

45.8 

54.4 

60.4 

67-5 

65.3 

57.0 

46.3 

32.5 

26.8 

DAILY  MAXIMUM 

30.8  38.9  49.5 

62.2 

72.1 

78.2 

89.7 

87,5 

76.1 

59.4 

40.2 

33.3 

DAILY  MINIMUM 

13.1  17.1  23.2 

29.4 

36.7 

42.5 

45.2 

43.0 

37.9 

33.2 

24.7 

20.3 

extreme  maximum 

56.0  63.0  75.0 

89.0 

102.0 

102.0 

108.0 

109.0 

102.0 

89.0 

67.0 

57.0 

EXTREME  MINIMUM 
-38.0  -37.0  -20.0 

-5.0 

12.0 

24.0 

30.0 

28.0 

16.0 

-7.0 

-26.0 

-24.0 

HEATING  DEGREE  DAYS(65F) 

"•^^  290  991  91  9 596 

341 

159 

48 

64 

252 

613 

985 

1179 

141 


CLIMATOLOGICAL  DATA  FOR 
LIVINGSTON 

LAT;  45.65  LONG:  110.57  ELEU;  136‘1(M) 

TEMPERATURE  AVERAGES  BY  MONTH  ■***  DE(3REES  CELSIUS  +++ 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEF> 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

-4.1  -1.9 

.8 

6.4 

1 1 .3 

15.1 

20.1 

19.1 

14-1 

9.2 

1.9 

-1  .1 

DAILY  MAXIMUM 

1.3  3.8 

6.9 

13.6 

IB. 9 

22.8 

29.4 

28.6 

L.  m U 

16.4 

7.3 

4,0 

DAILY  MINIMUM 

-9.4  -7.7 

-5.4 

-.7 

3.7 

7.4 

10.7 

9.7 

5.7 

1 .9 

-3.6 

-6.0 

EXTREME  MAXIMUM 
15.0  19.4 

22.2 

30.6 

33.9 

40.6 

38.9 

38.3 

36.7 

29.4 

22.8 

20.0 

EXTREME  MINIMUM 

-36.7  -42.8 

-29.4 

-23.3 

-11.1 

-2.2 

1.7 

.0 

-6.7 

-22.2 

-32.8 

-32.2 

RATING  DEGREE 
668  . 537 

DAYSdSC) 

541  361 

21 1 

91 

20 

30 

134 

271 

484 

584 

CLIMATOLOGICAL  DATA  FOR 
LIVINGSTON 

LAT;  45.65  LONG:  110.57  ELEV:  4490(FT) 


TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  FAHRENHEIT 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
24.7  28.5 

33.4 

43.6 

52.4 

59.2 

68.2 

66.4 

57.4 

48.6 

35.4 

30.1 

DAILY  MAXIMUM 
34.3  38.8 

44.5 

56.4 

66.0 

73.0 

85-0 

83.4 

7 ? * •; 

* C m \J 

61.6 

45.2 

3Q  1 

t m L, 

DAILY  MINIMUM 
15.1  18.2 

22.2 

30.7 

38.7 

45.4 

51  .3 

49.4 

42.2 

35.5 

25.5 

21  .2 

EXTREME  MAXIMUM 
59.0  67.0 

72.0 

j 

87.0 

93.0 

105.0 

102.0 

101.0 

98.0 

85.0 

73.0 

68.0 

EXTREME  MINIMUM 
-34.0  -45.0 

-21.0 

-10.0 

12.0 

28.0 

35.0 

32.0 

20.0 

-8.0 

-27.0 

-26.0 

HEATING  DEGREE  DAYS(65F) 

1204  968  974  650  380  165  36  55  242  488  872 


1052  # 


142 


CLIMATOLOGKAL  DATA  FOR 
MILESCITY 

LAT:  46.42  LOMO:  105.82  ELEV;  718(M) 


TEMPERATURE  AVERAGES  BY  MONTH  ■***  DEGREES  CELSIUS  +<■  + 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JIJL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-8.6  -6.5 

-.6 

7.6 

14.1 

18.7 

24.1 

22.6 

16.1 

9.4 

.3 

-4.9 

DAILY  MAXIMUM 
-2.6  -.1 

5.7 

14.8 

21.4 

25.8 

32.3 

30.8 

24.0 

16.9 

6.4 

.9 

DAILY  MINIMUM 
-14.7  -12.9 

-7.0 

.4 

6.7 

11.4 

15.8 

M.3 

8.2 

1.9 

-5.7 

-10.7 

EXTREME  MAXIMUM 
16.7  18.9 

28.3 

32.8 

37.2 

40.0 

42.8 

43.3 

40.6 

33.9 

23.9 

20.6 

EXTREME  MINIMUM 
-38.3  -38.3 

! 

04 

r-o 

00 

-13.9 

-9.4 

.0 

5.0 

1 .7 

-6.7 

-12.8 

-30.6 

-35.0 

HEATING  DEGREE 
835  695 

DAYSdSC) 

587  321 

153 

55 

3 

3 

96 

278 

540 

720 

CLIMATOLOGICAL  DATA  FOR 


LAT:  46.42 

TEMPERATURE  AVERAGES  BY  MONTH 


JAN 

FEB 

MAR 

APR 

MAY 

DAILY  AVERAGE 

16.5 

20.3 

30.9 

45.7 

57.4 

DAILY  MAXIMUM 

27.4 

31.8 

42.3 

58.6 

70.6 

DAILY  MINIMUM 

5.6 

8.7 

19.4 

32.8 

44.1 

EXTREME 

MAXIMUM 

. 62.0 

66.0 

83.0 

91.0 

99.0 

EXTREME 

MINIMUM 

-37.0 

-37.0 

-27.0 

7.0 

15.0 

HEATING 

DEGREE 

DAYS(65F) 

1504 

1252 

1057 

579 

276 

MILESCITY 

LONG:  105.82  ELEV:  2364 (FT) 

***■  DEGREES  FAHRENHEIT  ++♦ 


JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

65.6 

75.3 

72.6 

61.0 

49.0 

32.6 

23.2 

78.5 

90.2 

87.5 

75.2 

62.4 

43.5 

33.6 

52.6 

60.4 

57.7 

46.7 

35.5 

21 .7 

12.8 

104.0 

109.0 

110.0 

105.0 

93.0 

75.0 

69.0 

32.0 

41.0 

35.0 

20.0 

9.0 

-23.0 

-31  .0 

99 

6 

6 

174 

502 

972 

1296 

143 


CLIMATOLOGICAL  DATA  FOR 


MISSOULA 


LAT: 

46.87 

LONG:  114 

.00 

ELEV 

: 97V(M) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

+*+  DEGREES 
JUL  AUG 

CELSIUS 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-7.0  -3.5 

1.5 

7.1 

12.0 

15.7 

20.2 

18.9 

13.2 

7 ^ 

/ * (L 

-.1 

-4.7 

DAILY  MAXIMUM 
-1.9  2.1 

7.6 

14.4 

19.9 

23.8 

30.2 

28.8 

21  .9 

1 4.4 

4.9 

■ 

DAILY  MINIMUM 
-12.2  -9.1 

-4.6 

-.3 

4.1 

7.5 

10.2 

9.1 

4.5 

“ « 2 

-5.1 

-9.2 

EXTREME  MAXIMUM 
8.9  13.3 

21.1 

25.6 

30.0 

35.6 

40.6 

40.6 

30.0 

26.1 

14.4 

7.8 

EXTREME  MINIMUM 
-25.6  -7.8 

A.  iL  w 

-6.7 

-5.6 

-.6 

n n 

«!.  • A. 

.0 

-4.4 

-8.3  - 

■16.7. 

-26.1 

HEATING  DEGREE 
785  611 

DAYSdSC) 

521  338 

202 

97 

1 n 

1 A. 

31 

162 

346 

551 

712 

CLIMATOLOGICAL  DATA  FOR 


MISSOULA 


LAT:  46.87 


LONO:  114.00 


ELEV:  3223 (FT) 


TEMPERATURE  AVERAGES  BY  MONTH 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

DAILY  AVERAGE 

19.4 

25.7 

3 4.7 

44.7 

53.6 

60.2 

DAILY  MAXIMUM 

28.6 

35.7 

45.6 

57.9 

67.8 

74.8 

DAILY  MINIMUM 

10.1 

15.6 

23.7 

31.4 

39.4 

45.5 

EXTREME 

MAXIMUM 

48.0 

56.0 

70.0 

78.0 

86.0 

96.0 

EXTREME 

MINIMUM 

-14.0 

18.0 

-8.0 

20.0 

22.0 

31.0 

HEATING 

DEGREE 

DAYS(65F) 

1414 

1100 

939 

609 

365 

176 

***  DEGREES  FAHRENHEIT 


JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

68.4 

66.1 

55.8 

a 

31.9 

23.6 

86.3 

83.8 

71  .4 

58.0 

40.9 

31  .6 

50.4 

■ 

CD 

40.1 

31.7 

nn  Q 

• > A.  a / 

15.5 

105.0 

105.0 

86.0 

79.0 

58.0 

46.0 

36.0 

32.0 

24.0 

17.0 

2.0 

-15.0 

22 

57 

292 

623 

993 

1283 

144 


CLI«AT0LO6,ICAL  DATA  FOR 
PLEHTYUOOD 

LAT:  48.78  LON6:  104.57  ELEO:  615(M) 

TEMPERATURE  AVERAGES  BY  HOK'TH  ***  UE(3REES  CELSIUS 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 

- IJ  . 4 -10.2 

-4.3 

5.6 

12.3 

16.9 

20.8 

20.1 

13.7 

7.7 

n 

4-  0 41. 

-9.4 

DAILY  MAXIMUM 

-7.3  -4.7 

1.9 

13.0 

20-1 

24.3 

2B.S 

2B.4 

21  .8 

14.2 

3.4 

-3.2 

DAILY  MINIMUM 

-20.4  -18.1 

EXTREME  MAXIMUM 

-10.9 

-1.9 

4.3 

9.4 

11.8 

10.4 

4.9 

-1  .3 

-9.3 

-15.4 

12.2  20.0 

25.0 

33.3 

39.4 

40.0 

47.2 

41 .7 

38.3 

31.7 

23.3 

20.0 

EXTREME  MINIMUM 

-46.1  -50.0 

HEATING  DEGREE 

-38.9  -21.1 

DAYSdSC) 

-11.7 

-5.6 

-1.1 

-1.1 

“12.8 

-21  .7 

-35.0 

-41  .1 

983  799 

702 

381 

191 

75 

1 1 

20 

152 

330 

616 

859 

CLIMAT0L06ICAL  DATA  FOR 


LAT:  48.78 


PLENTYUOOD 
LONG:  104.57 


ELEl':  2024  (FT) 


TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  FAHRENHEIT 


JAN 

FEB 

MAR 

APR 

DAILY  AVERAGE 

7.9 

13.6 

24.2 

42.1 

DAILY  MAXIMUM 

18.9 

23.6 

35.4 

55.4 

DAILY  MINIMUM 

-4.7 

-.6 

12.3 

28.5 

EXTREME 

MAXIMUM 

54.0 

68.0 

77.0 

92.0 

EXTREME 

MINIMUM 

-51  .0 

-58.0 

-38.0 

-6.0 

HEATING 

DEGREE 

DAYS(65F) 

1770 

1 439 

1265 

687 

MAY 

JUN 

JUL 

AUG 

54.1 

62.5 

69.5 

68.1 

68,2 

75.7 

83.9 

83.2 

39.7 

48.9 

53.3 

50.8 

103.0 

104.0 

117.0 

107,0 

11.0 

22.0 

30.0 

30.0 

344 

135 

21 

37 

SEP 

OCT 

NOV 

DEC 

56.7 

45.8 

28.0 

15.1 

71  .2 

57.6 

38.1 

26.3 

40.9 

29.7 

15.2 

4.3 

101.0 

89.0 

74.0 

68.0 

9,0 

-7.0 

-31.0 

-42.0 

O 7 S 

4.  t \J 

595 

1110 

1547 

145 


# 

CLIMATOLOGICAL  DATA  FOR 
POL SON 

LAT:  ■17.68  LONG;  11-1.17  ELEV:  896(M) 

TEMPERATURE  AVERAGES  BY  MONTH  DEGREES  CELSIUS  +++ 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JIJL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-3.9  -2.3 

1 7 

< m / 

7.1 

11.7 

15.4 

19.7 

18.7 

13.8 

7. ,9 

1.4 

-1.3 

DAILY  MAXIMUM 
-.6  1.8 

6.7 

13.2 

18.4 

nn  7 

4L  ^ • U 

27.9 

26.8 

20-7 

13.3 

5.3 

1.9 

DAILY  MINIMUM 
-7.-1  -6.1 

-3.2 

1.1 

4.9 

8.6 

11.3 

10.6 

6.8 

2.6 

-2.5 

-4.4 

EXTREME 

14.1 

MAXIMUM 

18.3 

22.2 

25.0 

31  .7 

33.9 

40.0 

38.3 

32.8 

27.8 

18.3 

16.7 

EXTREME 

-34.1 

MINIMUM 

-32.8 

-23.3 

-18.3 

-8.3 

-1.1 

2.8 

.6 

-3.9 

-17.2 

-29.4 

-25.6 

HEATING 

667 

DEGREE 

553 

DAYS(18C) 

530  346 

216 

100 

31 

31 

146 

338 

518 

608 

ft 


CLIMATOLOGICAL  DATA  FOR 
POLSON 

LAT:  ^7.68  LDN(3:  111.17  ELEV:  29A9(FT) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  FAHRENHEIT  *** 


JAN  FEB 

MAR 

APR 

HAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
24.9  27.9 

35.1 

44.8 

53.0 

59.8 

67.4 

65.7 

56.8 

46.3 

34.5 

29.7 

DAILY  MAXIMUM 
31.0  35.3 

44.0 

55.7 

65.1 

72.1 

82.3 

80,3 

69.3 

55.9 

41  .5 

35.4 

DAILY  MINIMUM 
18.7  20.4 

26.2 

33.9 

40.8 

47.4 

52.4 

51.1 

44.2 

36 . 6 

27.5 

24.0 

EXTREME  MAXIMUM 
58.0  65.0 

72.0 

77.0 

89.0 

93.0 

104.0 

101.0 

91  .0 

82.0 

65.0 

62.0 

EXTREME  MINIMUM 
-30.0  -27.0 

-10.0 

-1.0 

17.0 

30.0 

37.0 

33.0 

25.0 

1.0 

-21.0 

-14.0 

HEATING  DEGREE 
1201  996 

DAYS{65F) 

954  623 

389 

180 

57 

57 

264 

60  9 

934 

1096 

146 


CLIMATOLOeiCAL  DATA  FOR 
RED  LODGE' 

LAT;  45.18  LONG:  109.25  ELEV;  U86(M) 


TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS  +*♦ 


JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JDL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-5.3  -3.6 

-1.9 

4.2 

9.3 

13.2 

17.9 

17.2 

11  .8 

7.3 

.2 

-3.1 

DAILY  MAXIMUM 
.7  2.5 

4.4 

10.7 

16.0 

19.9 

25.9 

os  9 

1.^  a 4. 

19.0 

13.9 

6.1 

2.4 

DAILY  MINIMUM 
-11.4  -9.7 

-8.3 

-2.3 

n 7 

«.  ■ / 

6.3 

9.9 

9.3 

4.6 

a 6 

-5.6 

-8.7 

EXTREME 

21.1 

MAXIMUM 

17.2 

21  . 1 

25.6 

29.4 

33.3 

36.7 

35.0 

32.2 

28.3 

22.8 

17.2 

EXTREME 

-37.8 

MINIMUM 
-31  .7 

-34.4 

-23.3 

-13.9 

-3.9 

-1  .1 

-2.2 

-12.8 

-13.9 

-31  .7 

-35.0 

HEATING 

717 

DEGREE 

594 

DAYS(18C) 

610  429 

262 

142 

38 

54 

185 

329 

534 

652 

CLIMATOLOGICAL  DATA  FOR 
RED  LODGE 


LAT;  45.18 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

LUNG:  109 

JUN 

.25 

***  DEGREES 
JUL  AUG 

ELEV:  5548 (FT) 

FAHRENHEIT  *** 

SEP  OCT  NOV 

DEC 

DAILY  AVERAGE 
22.4  25.5 

28.6 

39.6 

48.8 

55.7 

64.3 

63.0 

53.3 

45.1 

T''  4 

\J  u n • 

26.4 

DAILY  MAXIMUM 
33.2  36.5 

40.0 

51.2 

60.8 

67.9 

78.6 

77.3 

66.2 

57.1 

42.9 

36.4 

DAILY  MINIMUM 
11.5  14.5 

17.1 

27.9 

36.8 

43.4 

49.9 

•4  8.7 

40.3 

33.1 

21 .9 

16,3 

EXTREME  MAXIMUM 
70.0  63.0 

70.0 

78.0 

85.0 

92.0 

98.0 

95.0 

90.0 

83.0 

73.0 

63.0 

EXTREME  MINIMUM 
-36.0  -25.0 

-30.0 

-10.0 

7.0 

25.0 

30.0 

28.0 

9.0 

7.0 

-25.0 

-31.0 

HEATING  DEGREE 
1291  1070 

IIAYS(65F) 

1098  773 

473 

256 

70 

98 

333 

593 

962 

1174 

147 


CLIHATOLGGICAL  DATA  F(3R 
SIDNEy 

LAT;  47.70  LONG;  104. '17  RLEU;  586(ft  ) 


TEMPERATURE  AVERAGES  BY  MONTH 

JAN  FEB  MAR  APR  MAY 

JUN 

***  DEGREES  GE 
JUL  AUG 

LSHJS 

SEP 

OCT  NOV  DEC 

DAILY  AVERAGE 

-11.1  -7.7  -2.3  6.7  12.9 

DAILY  MAXIMUM 

17.5 

21.6  20.7 

14.3 

8.4  -.8  -7.1 

DAILY  MINIMUM 

EXTREME  MAXIMUM 

DATA 

NOT  AVAITAI3L13 

EXTREME  MINIMUM 

HEATING  DEGREE  DAYSdSC) 

911  727  638  350  175 

65 

9 18 

1 40 

306  575  788 

CLItlATOLOGICAl.  DATA  FOR 
SIDNEY 


LAT;  47.70 

LONG;  104.17 

ELEV;  1928(FT) 

TEMPERATURE  AVERAGES  BY  MONTH 
JAN  FEB  MAR  APR 

MAY 

JUN 

***  DEGREES 
JUL  AUG 

FAHRENHEIT  + 

SEP  OCT 

NOV 

DEC 

DAILY  AVERAGE 

12.1  18.2  27.9  44.0 

DAILY  MAXIMUM 

55.2 

63.5 

70.8  69.2 

57.7  47.2 

30.5 

19.2 

DAILY  MINIMUM 

EXTREME  MAXIMUM 

DATA 

NOT  AVAILABLE 

EXTREME  MINIMUM 

HEATING  DEGREE  DAYS(65F) 

■''1640-  1310  1150  630 

315 

118 

17  33 

253  552 

1035 

1 420 
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CLIMATOLOGICAL  DATA  FOR 
THOMPSON  FALLS 

LAT:  47.58  LONG:  115.73  ELEV:  748(M) 

TEMPERATURE  AVERAGES  FY  MONTH  +*+  DEGREES  CELSIUS  *** 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOD 

DEC 

DAILY  AVERAGE 

-3.1  .6 

3.3 

8.3 

12.8 

16.2 

20.3 

19.6 

15.1 

8.9 

2.4 

-1 . 1 

DAILY  MAXIMUM 

1 5 7 

9.9 

16.3 

21  .5 

24.8 

31.0 

70.2 

24.6 

16.2 

6.8 

4 

4 - • •? 

DAILY  MINIMUM 

-7.3  -4.7 

EXTREME  MAXIMUM 

-3.3 

.3 

4.1 

7.6 

9.6 

8.9 

5.6 

1.7 

-2.1 

”4.6 

13.3  17.8 

25.6 

72.:? 

76.1 

37.8 

42.8 

41.7 

41  .1 

31.7 

18.3 

14.4 

EXTREME  MINIMUM 

-37.8  -34.4 

HEATING  DEGREE 

-23.3  -8.3 

DAYSdSC) 

-6.7 

-1.1 

1.7 

.0 

-4.4 

-7.8 

-25.0 

-31.7 

646  495 

470 

308 

172 

74 

17 

25 

109 

288 

480 

601 

CLTftATOLOGIOAL  DATA  FOR 


THOMPSON  FALLS 


LAT; 

47.58 

LONG:  11 

5.33 

ELEV 

.-  2463  (F 

T) 

TEMPERATURE  AVERAGES 
JAN  FEB  MAR 

BY  MONTH 
APR 

MAY 

JUN 

* + •+  DEGREES 
JUL  AUG 

FAHRENHEIT  ++i' 
SEP  OCT 

NOV 

DEC 

DAILY  AVERAGE 
26.5  33.0 

38.0 

46.9 

55.0 

61  .2 

68.5 

67.2 

59.2 

48. 1 

36.3 

30.1 

DAILY  MAXIMUM 
34.1  42.3 

49.9 

61.3 

70.7 

76.6 

87.8 

86.7 

76.2 

61.2 

44,3 

36.4 

DAILY  MINIMUM 
18.8  23.6 

26.0 

32.5 

39.3 

45.7 

49.2 

48. 1 

42.1 

35.0 

28.3 

23.7 

EXTREME  MAXIMUM 
56.0  64.0 

78.0 

90.0 

97.0 

100.0 

109.0 

107.0 

106.0 

89.0 

65.0 

58.0 

EXTREME  MINIMUM 
-36.0  -30.0 

-10.0 

17.0 

20.0 

30.0 

35.0 

32.0 

24.0 

18.0  - 

-13.0 

-25.0 

HEATING  DEGREE 
1164  891 

DAYS(65F) 

847  556 

311 

134 

72 

46 

197 

519 

864 

1083 

149 


CLIrtATOLOGTCAL  BATA  FOR 
WEST  YELI.OUBTONE 

LAT;  44.92  LONS:  11 1. 07  ELEU:  2026(M) 

TEMPERATURE  AVERAGES  BY  MONTH  ***  DEGREES  CELSIUS  r** 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JIJL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
-10.6  -8.4 

-5.3 

1.1 

6.7 

10.8 

15.3 

14.1 

8,9 

3.2 

-5.2 

-9.9 

DAILY  MAXIMUM 
-4.3  -.4 

3.4 

8.9 

15.2 

19.8 

26.6 

2B.2 

19. 1 

11.8 

1.6 

-3.3 

DAILY  MINIMUM 
-16.9  -16.5 

-14.1 

-6.8 

-1.8 

1.8 

4.1 

2.0 

- 1 

t ■ A.. 

-5.4 

-11.9 

-16.6 

EXTREME  MAXIMUM 
7.8  13.3 

16.1 

22.2 

28.3 

32.8 

35.0 

35.6 

32.  B 

26.1 

17.8 

1 n n 

i A..  • ^ 

EXTREME  MINIMUM 
-51.1  -46.7 

-41.7 

-27.2 

-17.8 

-7.2 

-6.7 

-7.8 

-1 1 .7 

-20,0 

-37.8 

-46.7 

HEATING  DEGREE 
910  756 

DAYSdSC) 

744  526 

353 

217 

83 

127 

464 

702 

B84 

CLIMATOLOGICAL  DATA  FOR 
UEST  YELLOUBTONE 

LAT:  4 4.92  LONG:  111.07  ELEVs  666L/(FT) 


TEMPERATURE  AVERAGES  BY  MONTH  ttt  DEGREES  FAHRENHEIT  +♦ f 


JAN  FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

DAILY  AVERAGE 
12.9  16.B 

22.4 

33.9 

44,1 

51.5 

59.6 

57.3 

48.1 

37.8 

22.7 

1 4.1 

DAILY  MAXIMUM 
24.2  31.2 

38.1 

48.0 

59.3 

67.7 

79.9 

77.3 

66.3 

53.3 

34.9 

26.1 

DAILY  MINIMUM 
1.5  2.3 

6.6 

19.8 

28.8 

35.2 

39.3 

37.2 

29.8 

nn  'y 

A-  A.  M A. 

10.5 

2 . 1 

EXTREME  MAXIMUM 
46.0  56.0 

61.0 

72.0 

83.0 

91.0 

95.0 

96.0 

91  .0 

79.0 

64.0 

54.0 

EXTREME  MINIMUM 
-60.0  -52.0 

-43.0 

-17.0 

.0 

19.0 

20.0 

18.0 

1 1 .0 

-4.0 

-36.0 

-52.0 

HEATING  DEGREE 
1638  1361 

DAYS(65F) 

1340  947 

636 

392 

151 

230 

491 

836 

1265 

1592 
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APPEMDIX  I.  ACCURACY  OP  SUM  SOLAR  RADIATION  MEASUREMENTS 


1 . 0 INSTRUMENTATION 

The  solar  radiation  measurements  were  made  using  a silicon  cell- 
based  transducer  fabricated  by  Fowlkes  Engineering  and  a Rustrak  Model 
288,  0-1  ma,  strip  chart  recorder.  The  silicon  cell  is  2 cm  square  and 
is  attached  flush  to  the  center  of  a flat  aluminum  heat  sink  approxi- 
mately 8 cm  square.  An  aluminum  reflective  mask,  8 cm  square  and  0.5  mm 
thick,  having  a 1.9  cm  square  hole  is  centered  over  the  silicon  cell. 

A piece  of  double  strength  window  glass,  8 cm  square  and  3 mm  thick, 
covers  the  assembly.  The  assembly  is  sealed  along  the  perimeter  with 
clear  silicone  rubber  caulking  to  prevent  moisture  from  entering.  The 
purpose  of  the  reflector  and  the  heat  sink  is  to  stabilize  the  tempera- 
ture of  the  silicon  cell. 

The  output  of  the  silicon  cell  is  shunted  with  a wire  wound 
resistor  having  a resistance  of  less  than  1 Xt.  , The  voltage  drop  across 
this  resistor  at  normal  incidence  on  a clear  day  is  about  80  rav.  The 
recorder  has  an  input  impedance  of  about  100  XL  and  is  consequently 
deflected  to  about  80^o  of  full  scale  at  solar  noon  on  a clear  day.  To 
reduce  the  effect  of  lead  resistance,  two-  conductor,  #l8  solid  copper 
wire  is  used  to  connect  the  transducer  to  the  recorder. 

1.1  Initial  Calibration 

Each  transducer-lead  wire-recorder  assembly  is  individually  cali- 
brated by  comparison  to  a Kipp  or  Eppley  pyranometer.  The  reference  pyra— 
nometer  and  silicon  cell  transducer  are  mounted  in  the  same  plane.  The 
plane  of  the  transducers  is  adjusted  approximately  nonnal  to  the  solar 
radiation  on  a clear  day  near  solar  noon.  Several  simultaneous  readings 
of  both  instruments  are  averaged  to  establish  the  initial  calibration 
factor.  The  reference  pyranometer  was  manufactured  by  Kipp  and  was 
recalibrated  at  the  NOAA  Laboratories  in  Boulder,  Colorado  by 
Dr,  Ed  Flowers.  One  of  the  SIMM  transducers  was  also  calibrated  at 
the  NOAA  Laboratories  in  1978.  Periodic  comparisons  with  several 
other  Eppley  and  Li-Cor  pyranometers  have  shown  a^eernent  with  the 
reference  to  within  i 59^  or  better. 
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2.0  SOURCES  OF  ERROR 

2.1  Silicon  Cell  Characteristics 

Silicon  cell  characteristics  relating  to  solar  flux  measurement 
are  well  documented  in  the  literature  (see  References)  and  several 
commercial  silicon  cell  instruments  are  available.  Briefly}  the  silicon 
cell  characteristics  causing  departures  from  pyranometer  readings  are 
due  to  spectral  response,  temperature  changes  and  cosine  response.  The 
spectral  response  will  cause  the  silicon  cell  to  read  measurably  higher 
on  cloudy  days  and  within  2 hours  of  sunrise  or  simset.  The  instiuments 
used  in  this  progreun,  for  example,  will  be  0.015  Id'f/m  high  under  condi- 
tions of  80^  beam  attenuation  due  to  clouds.  The  amplitude  error  in 
this  condition  is  — 6^.  The  effect  of  this  spectral  error  on  the 
monthly  average,  daily  total  energy  density  (the  values  tabulated  in 
this  Manual)  is  typically  reduced  to  less  than  ylo%  This  reduced  error 
is  due  to  the  relatively  low  energy  density  on  cloudy  days.  Similarly, 
amplitude  errors  near  sunrise  and  sunset  have  a small  effect  on  daily 
total  energy  density;  less  than  2^  on  a clear  day. 

Temperature  coefficients  of  about  +0.001 /°G  are  given  in  the  lit- 
erature for  silicon  cells  used  for  flux  measurements.  All  instruments 
used  in  this  project  were  calibrated  during  the  month  of  January. 

Summer  operating  temperatures  would  be  about  35°  ^ hi^^er  which,  based 
on  + 0.00l/°C,  would  produce  3.59^  higher  amplitudes  for  a given 
radiant  flux.  It  mi^t  be  noted  that  some  commercial  pyranometers  have 
a temperature  sensitivity  of  about  -0.00l/°C. 


2 . 2  Transducer  Errors 

The  SB'M  silicon  cell  transducer  is  covered  by  a glass  plate  potted 
in  silicone  sealant.  Tilt  calibration  tests  have  shown  that  the  output 
of  the  SIM  transducer  falls  off  at  large  angles  of  incidence.  This  is 
due  primarily  to  the  glass  cover  plate  and  is  normally  termed  cosine  error. 

The  measured  cosine  response  of  the  SBM  transducer  was  input  into  a 
computer  simulation  model  to  predict  the  effect  of  this  error  on  the 
daily  total  insolation  throughout  the  year.  The  following  table  shows  the 
results  of  this  computer  model.  Experimental  data  presented  later  in  this 
report  indicates  that  the  summer  errors  are  less  than  those  predicted 
by  the  model. 
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CALCULATED  EFFECT  OF  COSINE  ERROR,  /o 
MONTH  CLEAR  DAY  AVERAGE  DAY 

DEC 

JAN  NOV 
FEB  OCT 
MAR  SEP 
APR  AUG 
MY  JUL 
JUN 

2.3  Orientation  Errors 

The  nominal  plane  of  measurement  is  60  up  from  horizontal  and 
south  facin,'^.  No  thorough  measurements  are  available  to  establish 
typical  accuracy  of  the  plane  of  the  transducers  at  this  time.  The 
attachment  bracket  was  fabricated  to  - 1°  and  many  of  the  transducers 
used  buildings  oriented  true  south  for  mounting.  A compass  v/as  used  in 
some  cases,  corrected  for  the  local  magnetic  deviation,  to  establish  the 

azimuth. 

The  error  due  to  misalignment  varies  as  cos  (0  + ) where  S is 

the  misalignment  and  0 is  the  angle  between  the  radiation  on  a normal- 
to-the— transducer  plane.  At  solar  noon  during  the  heating  season  this 
error  would  be  a maximum  of  around  0.3%  per  degree  of  misalignment.  This 
error  will  be  assumed  negligible  until  further  data  and  analyses  are 
available. 

2.4  Recorder  Errors 

The  published  absolute  accuracy  of  the  strip  chart  recorders  is  3%. 
This  error  is  reduced  significantly  since  the  recorders  are  directly 
calibrated  in  conjunction  with  the  transducers.  The  readability  of  the 
recorder  during  calibration,  using  a magnifier,  is  estimated  at  better 
than  - ifo. 

The  electrical  circuit  used  is  sensitive  to  changes  in  lead  resis- 
tance. This  factor  has  probably  been  the  primary  source  of  error  in 
this  measurement  program.  At  a few  stations  extra  lead  wire  was  installed 
after  calibration.  Kven  more  important  have  been  resistance  variations 
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due  to  improperly  soldered  lead  wire  connections.  The  gradually  increas 
ing  contact  resistance  leads  to  a gradual  reduction  in  sensitivity  of 
the  instrument.  In  a few  cases  this  problem  has  been  responsible  for 
temporary  errors  of  10  and  20^. 

2.3  Data  Reduction  Errors 

Strip  chart  data  is  processed  by  tracing  the  curves  on  a digitizer 
platen  connected  to  a microcomputer.  The  resolution  of  the  platen  is 
0.1  mm  and  each  curve  is  represented  by  200  to  400  coordinates.  The 
reading  error  due  to  resolution  is»  thus,  less  than  l^^.  The  primary  source 
of  data  reduction  error  is  the  repeatability  of  the  curve  tracing  itself. 

On  clear  days,  vjhere  the  curve  is  a well  defined  line,  the  reproducibility 
averages  1^.  On  cloudy  days  the  reproducibility  can  reach  5 'to  20^.  This 
is  due  to  the  fast  response  of  the  silicon  cell  v;hich  produces  a very 
rough,  jagged  curve  on  some  cloudy  days  (see  cover  of  Manual  for  examples 
of  curves) . 

During  the  last  year,  reproducibility  tests  have  been  run  on  over 
800  data  days  (4^  of  our  total  data  base).  The  reproducibility  of  the 
monthly  average,  daily  total  energy  density  averages  better  than  - 2^. 

These  monthly  values  often  reproduce  v>rithin  Vjo  due  to  the  compensation 
of  positive  and  negative  errors  v;hen  averaged. 

3.0  DATA  CORRECTION  PROCEDUHES 

The  Department  of  hncrgy  has  sponsored  programs  to  compile  and 
review  historical  solar  insolation  data  for  the  purpose  of  providing 
a data  base  for  the  desi/Ti  of  solar  energy  conversion  devices.  Expert 
review  of  the  data  pointed  to  a iryriad  of  errors  due  to  instrumentation, 
data  collection  and  presentation.  Programs  vjere  subsequently  initiated 
to  "rehabilitate"  this  data  base. 

A key  part  of  the  rehabiliatation  consisted  of  reviewing  approx- 
imately 190,000  solar  radiation  charts  and  extracting  the  radiation 
intensity  at  solar  noon  on  clear  days.  A parallel  effort  consisted  of 
computing  predicted  dear-day  noon  radiation  using  a variety  of  theo- 
retical models  and  atmospheric  data.  The  comparison  of  the  theoretical 
and  experimental  dear-day  data  identified  unreliable  solar  delta  (some 


154 


data  “being  20/'o  in  error) . The  comparison  further  helped  provide  cor- 
rection factors  v;hich  v;ere  applied  to  the  experimental  data  to  produce 
the  "rehabilitated"  solar  data  base.  The  rehabilitated  data  is  believed 
to  be  accurate  to  xvithin  - ^‘jo.  These  data  are  now  available  in  the  form 
of  tables  and  computer-readable  tapes  for  26  locations  in  the  United 
States;  Great  Palls  is  ajnong  the  rehabilitated  stations. 

Ustimates  of  the  solar  radiation  at  an  additional  222  locations 
were  derived  from  atmospheric  data  and  are  included  in  the  SOLI'TFjT  data 
base.  Eight  of  these  locations  are  in  Montana.  The  acciiracy  of  this 
calculation  method  for  Great  Palls  is  - for  daily  values  and  - 4/o 

for  monthly  averages. 

3.1  Data  Correction  Procedures  for  SIMM 

The  dear-day  comparison  procedure  described  above  was  also  util- 
ized in  processing  the  data  presented  in  this  Manual.  This  comparison 
significantly  reduces  the  probability  of  large  errors  in  the  solar 
radiation  due  to  faulty  instrumentation.  We  \-jere  fortunate  to  have  the 
guidance  of  expert  consultants  in  this  crucial  area. 

Douglas  V.  Hoyt  of  NOAA  in  Boulder,  Colorado  was  involved  with  the 
rehabilitation  of  the  SOMET  data  base  using  his  theoretical  model  for 
the  calculation  of  solar  noon  atmospheric  transmission.  He  was  able  to 
provide  us  vjith  theoretical  dear-day  values  on  a 60°  tilted  surface 
in  Montana  using  his  comprehensive  atmospheric  model.  He  also  advised 
us  as  to  the  effect  of  altitude  on  our  dear-day  values  and  provided 
general  guidance  in  assessing  the  accuracy  of  the  data. 

John  Yellott  has  provided  useful  advice  on  the  behavior  of  silicon 
cell-based  instruments  for  measuring  solar  radiation  since  the  inception 
of  this  measurement  program.  Prof.  Yellott  holds  a patent  on  the  temper- 
ature—compensated  silicon  cell  radiometer.  He  also  advised  us  concern- 

ing the  use.  of  the  ASHRAE  dear-day  model  for  checking  instruments  for 
calibration  drift. 

3.2  Our  Theoretical  Clear-Dav  Model 


Por  this  report  we  used  a theoretical  dear-day  model  based  on  one 
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given  in  the  Hfandhook  of  Fundamentals.  Our  model  included  an 

adjustment  for  altitude  consisting  of  a clearness  factor  allowing  + lfo 
per  1000  feet  in  elevation.  The  effect  of  ground  reflection  was  included 
hy  assuming  a reflectance  of  O.5  (snow)  for  Nov.  1 5 to  March  1 and  a 
reflectance  of  0.2  during  the  remainder  of  the  year. 

The  results  from  Doug  Hoyt's  clear— day  model  emd  our  modified  ASHRAE 
dear-day  models  are  shown  in  Figure  1(a)  for  Great  Falls  along  vfith 
the  experimental  data.  The  two  theoretical  curves  are  within  — 

Most  of  the  experimental  data  is  also  contained  in  this  - 2.55^  error  hand. 

Note  that  some  experimental  dear-day  values  in  winter  are  as  much 
as  ^‘/o  above  the  theoretical  values.  Several  stations  shovjed  a similar 
relative  increase  in  dear-day  values  during  v/inter.  At  this  time  we 
don't  know  if  the  experimental  data  or  the  theoretical  model  is  respon- 
sible for  this  departure.  The  Great  Falls  experimental  data  was  not 
corrected  due  to  the  close  agreement  with  the  theoretical  values. 

Figure  ],(b)  shovjs  the  cleax-day  comparison  for  Glendive.  The 
discrepancy  between  the  theoretical  and  experimental  values  suggested  a 
\iniform  offset  in  the  calibration  factor  of  4*  Th®  data  presented  in 

the  tables  is  the  raw  data  multiplied  by  a factor  of  1.045*  dashed 

curve  in  Figure  1(b)  shows  how  this  offset  factor  produces  an 
improved  fit  between  the  experimental  data  and  the  dear-day  model, 

4*0  NATIONAL  SOLAR  DATA  NETWORK  COMPARISON 

The  Billings  Shipping  solar  system  in  Billings,  Montana  vjas 

instrumented  three  years  ago  for  performance  monitoring  as  part  of  The 
National  Solar  Data  Netv;ork  (NSDN).  Global  insolation  is  measured  here 
by  an  Eppley  PSP  pyranometer  tilted  at  50O.  Daily  totals  and  maximums 
are  reported  each  month  in  "Environmental  Data  for  Sites  in  the  National 
Solar  Data  Network",  DOE  National  Solar  Data  Program,  Solar  IOOIO-8O, 

During  I98O  there  were  337  days  of  simultaneous  data  from  both 
the  NSDN,  Eppley  PSP  and  the  SIM  transducer  at  Billings  High  School. 

The  NSDN  50°  tilt  data  was  converted  to  a 60°  tilt  using  the  ratio  of 
ASHRAE  dear  day  totals.  This  simplified  method  would  tend  to  over- 
correct  the  NSDN  data  by  a fev;  percent  in  the  summer.  Since  the  correc- 
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tion  itself  averages  only  about  i.  3%»  Ibe  error  introduced  is  not  large. 

A scatter  plot  of  daily  total  insolation  for  SM  vs.  NSDN  for 
1980  is  shown  in  Figure  2.  For  337  common  data  days,  the  linear 
correlation  coefficient  was  O.99O.  There  are  about  a dozen  points  that 
are  scattered.  These  discrepancies  probably  occurred  on  days  when 
snow  or  frost  covered  one  transducer  part  of  that  day.  Neither  instrument 
is  regularly  cleaned  or  cleared  of  snow.  The  remaining  scatter  is 
primarily  due  to  differences  in  spectral  response,  calibration  error, 
cosine  response  and  temperature  coefficient  (annual  temperature  extremes 

span  over  70°  C). 

The  daily  totals  for  the  month  of  November,  I98O  are  shovm  in 
Table  1.  The  daily  average  insolation  for  November  for  the  SUM 
instrument  is  3.07^<  less  than  the  NSDN  instrument.  This  difference 
closely  corresponds  to  the  —3^  error  predicted  for  this  month  due  to 
the  lovr  cosine  response  of  the  SIMM  transducer. 

The  average  daily  totals  for  each  instrument  are  shown  for  each 
month  in  I98O  in  Table  2.  The  SUM  instrument  is  normally  lower 
by  a few  percent,  which  is  probably  due  to  cosine  error.  (The  December 
average  is  faulted  because  the  SBM  instrument  was  not  recording  data 
during  a v/eek  with  several  clear  days.) 

5.0  BOZEMAN  SIDE  BY  SIDE  COMPARISONS 

Side  by  side  comparisons  v;ere  run  for  eight  months  during  the 

v/inter  of  I98O  and  spring  of  I98I  to  compare  (a)  a Kipp  pyranometer, 

(b)  a Li-Cor  200S  silicon  cell  radiometer,  and  (c)  the  SBM  silicon 
cell  radiometer.  All  transducers  v;ere  mounted  at  0°  azimuth  and  60°  tilt 
and  connected  to  a microcomputer  based  data  acquisition  system  (DAS). 

The  DAS  had  a resolution  of  12  bits,  an  accuracy  of  better  than  + 0,9?^, 
each  transducer  and  the  ambient  air  temperature  were  sampled  once  each 
second.  These  readings  were  averaged  over  10  minute  intervals  and  the 
average  data  stored  on  mafqietic  tape.  This  data  base  consists  of 
15  X 10^  side  by  side  readings  of  each  transducer. 

Table  3 shows  a typical  portion  of  this  data  base  condensed 
into  daily  total  insolation.  The  Kipp  pyranometer  was  recalibrated  at 
the  NOAA  facility  in  1979  this  calibration  factor  was  used.  The 
factory  calibration  supplied  for  the  Li-Cor  was  used  and  the  SBM 
transducer  was  calibrated  to  the  Kipp  on  a clear  day  near  solar  noon 
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according  to  our  standard  procedure.  No  correction  was  made  for 
ambient  temperature,  which  varied  between  -18°  C and  +17°  C during 
this  period.  The  monthly  totals  of  the  Kipp  and  the  Li-Cor  agree  to 
within  1 Yjo  v/hile  the  SBM  transducer  is  yjo  below  the  Kipp.  This 
lower  reading  agrees  with  the  predictions  of  the  cosine  error  model 
discussed  previously. 

The  instantaneous  readings  of  the  three  transducers  during 
mid-day  in  clear  weather  were  alv/ays  within  a 5^)  band  and  often  were 
within  1 1^.  The  Kipp  and  the  Li-Cor  were  typically  within  1 0.01  kil-m“^ 

for  the  entire  day,  while  the  SIMT*!  transducer's  output  would  typically 

—2 

be  0.05  low  in  early  morning  and  late  afternoon  (the  cosine 

error) . 


6.0  ACCURACY  SUMMARY 

The  expected  error  in  the  monthly  average  data  for  any  station  has 
been  summarized  by  assigning  to  each  station  a classification  ranging 
from  I to  III.  This  error  classification  was  based  primarily  on  compar- 
isons of  theoretical  and  experimental  clear-<iay  values,  before  and  after 
adjustment.  Table  4 lists  these  comparisons. 

Additional  information  from  our  instrument  records  and  fault  code 
files  was  also  used  to  refine  the  classification.  in  I978,  Helena 
is  Class  I even  though  the  adjusted  error  is  4.6,  the  highest  of  any 
Class  I station.  This  scatter  is  due  to  a characteristic  haze  in  Helena 
which  effects  the  "dear-day"  values.  In  1978f  Lewistown  was  rated  Class 
III  even  though  the  adjusted  error  was  only  2.3^  (less  than  many  Class  I 
stations).  Lewistown’*s  rating  was  reduced  due  to  persistent  problems 
with  unreliable  connections  and  slipping  chart  paper  which  reduced  the 
overall  integrity  of  the  data. 

Based  on  our  current  clear— day  model,  we  suggest  the  follov;ing 
overall  error  bands  for  monthly  average  data: 

Class  I stations  t j/o 
Class  II  stations  1 % 

Class  III  stations  + 8^ 

All  calculations  to  date  indicate  that  if  there  is  a significant 
discrepancy,  the  solar  data  in  this  Manual  v/ill  be  conservative;  i.e. 
less  than  the  true  value.  This  error  margin  is  due  to  the  cosine 
response  of  the  instruments  and  the  clear  day  calibration  method. 
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(a  solar  system  designed  using  radiation  data  that  is  IGffo  lovj  will 
produce  about  % more  heat  than  expected.)  The  errors  in  the  data  in 
this  Manual  are  probably  less  than  the  error  band  of  most  solar  system 
design  methods. 

7.0  FILE  STHUCTITRF. 

The  processed  data  from  each  day  consists  of  day  number,  total  energy 
density,  day  length,  noon  maximum  intensity  (if  day  was  clear),  inteneity 
spectrum,  half-hour  average  solar  intensities,  and  a fault  code  (specifying 
lost  or  suspect  data).  The  total  energy  is  stored  in  2 (8  bit)  bytes  and, 
thus,  has  a maximum  resolution  of  1 part  in  512.  All  other  non-integer 
quantities  are  rounded  to  integers  and  stored  in  a single  byte  in  the  file 
(maximum  resolution  1 part  in  256).  The  maximum  loss  of  precision  in  this 

data  due  to  rounding  off  is  0.5^. 

The  data  are  stored  on  hard  sectored,  5t  inch  magnetic  diskettes  using 
the  North  Star  Disc  Operating  System  (a  popular  microcomputer  format).  Each 
single-density  diskette  contains  3 station-years  of  solar  data.  These  data 
have  been  used  by  Fowlkes  Engineering  as  input  to  solar  heating  simulation 
models.  Copies  of  these  diskettes  can  be  supplied  at  nominal  cost  for  users 
wanting  to  implement  their  own  simulation  programs. 


FILE  STRUCTURE,  1 STATION  - DATA  - DAY 
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Figure  2,  Scatter  plot,  daily  totals,  W-'h-m 
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Table  1.  Daily  Totals  (ki"-m  ) Table  2.  Monthly  Average  Daily  Table  3.  Bozeman  Daily  Totals 

Billings,  November,  I98O  Total  (ld■^h-^n“2)  (}d-’h-m“2)  November,  I98O 
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Tatle  4.  CLEAR  DAY  COMPARISONS 


S tation 

name 

1977 

1978 

* Clear 
days 

Deviation, %  *  ** 

Orig.  Adj. 

Class 

Clear 

days 

Deviation,^  ** 

Orig.  Adj. 

Class 

Anaconda 

21 

4.0 

3.4 

II 

Billings 

20 

5^2 

2.06 

I 

56 

4.7 

3.3 

I 

Bozeman 

27 

4.1 

2.8 

I 

58 

4.1 

2.8 

I 

B rowning 

34 

8.5 

2.5 

II 

38 

5.1 

3.4 

I 

Butte 

25 

7.4 

2.2 

II 

15 

5.1 

2.9 

I 

Choteau 

49 

4.5 

2.2 

I 

Colstrip 

14 

3.7 

1.7 

I 

55 

3.2 

3.0 

I 

Dillon 

46 

8.0 

6.1 

III 

56 

5.9 

4.1 

II 

Ennis 

34 

3.6 

2.2 

II 

Port  Benton 

33 

4.9 

1.8 

II 

Glasgow 

58 

9.1 

2.3 

II 

65 

7.2 

3.1 

11 

Glendive 

45 

5.6 

2.3 

I 

40 

5.1 

3.1 

I 

Great  Palls 

50 

2.5 

2.5 

I 

51 

2.3 

2.3 

I 

Hamilton 

20 

8.4 

3.2 

III 

25 

9.4 

4.0 

III 

Harlow ton 

43 

6. 2 

2.1 

II 

35 

8.9 

2.0 

II 

Havre 

'42' 

3.1 

2.0 

I 

41 

4.0 

3.3 

II 

Helena 

36 

7.0 

3.4 

I 

44 

5.7 

4.6 

I 

Jordan 

55 

10.2 

3.5 

III 

Kalispell 

35 

3.3 

3.01 

I 

42 

5.3 

5.1 

II 

Lewistown 

36 

6.8 

2.5 

I 

34 

8.2 

2.3 

III 

Libby 

28 

2.1 

2.5 

I 

34 

5.7 

3.6 

II 

Livingston 

35 

6.8 

4.8 

III 

Miles  City 

45 

5.0 

1.7 

II 

41 

3.5 

3.5 

I 

Missoula 

33 

5.0 

2.7 

I 

45 

5.8 

4.1 

II 

Plentywood 

24 

10.0 

5.9 

III 

Poison 

41 

4.0 

1.4 

I 

52 

3.8 

1.7 

I 

Red  Lodge 

45 

9.6 

4.3 

III 

Sidney 

16 

5.6 

3.6 

II 

Thompson  Palls 

28 

4.7 

4.0 

II 

VJ,  Yellowstone  27 

11.1 

3.2 

III 

46 

11.1 

5.6 

III 

* A "clear  da^^"  is  a da;^  that  is  clear  for  several  hours  around  solar  noon, 

**  Average  absolute  value  of  deviation  for  all  clear  days. 
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Table  4 (Continued) 
1979  CLEAI?  DAY  COMPARISONS 


Station  * 

name 

Clear 

days 

Deviation,^** 

Orig.  Adj. 

Class 

f 

Anaconda 

34 

4.3 

2.2 

I 

Billings 

93 

6.1 

2.6 

I 

Bozeman 

97 

6.9 

2.8 

I 

Browning 

28 

6.0 

2.0 

I 

Butte 

47 

8.0 

2.0 

I 

Choteau 

74 

3.6 

3.6 

I 

Colstrip 

20 

8.6 

4.7 

II 

Dillon 

69 

3.3 

1.9 

I 

Ennis 

69 

2.6 

2.5 

I 

Port  Benton 

79 

6.4 

1.6 

I 

Glasgow 

55 

9.8 

2.1 

II 

Glendive 

58 

4.1 

2.0 

I 

Great  Falls 

98 

3.0 

2.1 

I 

Hamilton 

72 

9.5 

3.2 

II 

Hairlowton 

60 

7.7 

1.4 

I 

Havre 

54 

4.3 

2.7 

I 

Helena 

64 

5.5 

2.6 

II 

Jordan 

54 

15.7 

4.1 

III 

Kalispell 

27 

3.7 

2.7 

I 

Lewistown 

8.2 

2.6 

II 

Libby 

64 

2.8 

2.3 

I 

Livingston 

27 

5.1 

2.0 

I 

Miles  City 

76 

7.0 

2.1 

I 

Missoula 

69 

5.7 

2.3 

I 

Plentywood 

.39 

7.1 

4.3 

II 

Poison 

43 

3.6 

2.0 

I 

Red  Lodge 

76 

7.9 

3.1 

II 

Sidney 

64 

3.0 

2.3 

I 

Thompson  Palls 

19 

4.2 

3.0 

II 

West  Yellowstone 

60 

11.3 

2.8 

II 

* 


A ''clear  day"  is  a day  that  is  clear  for  several  hours  aroxind  solar  noon 
Average  absolute  value  of  deviation  for  all  clear  days. 


Tatle  4 (Continued) 
1980  CLEAR  DAY  COMPARISONS 
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_ • I • /V 

Deviation  ^ 


station  Name 

* Clear  Days 

Orig. 

. Adj. 

Class 

Anaconda 

27 

5.9 

1.7 

II 

Billings 

69 

10.0 

2.1 

I 

Bozeman 

56 

5.9 

1.9 

I 

Browning 

25 

6.8 

1.3 

I 

Butte 

46 

7.6 

2.2 

I 

Choteau 

50 

4.6 

1.9 

II 

Colstrip 

51 

3.26 

3.18 

I 

Dillon 

49 

2.7 

2.5 

I 

Ennis 

29 

2.7 

1.88 

I 

Port  Benton 

61 

5.7 

1.5 

II 

Glasgovi 

66 

2.8 

1.7 

II 

Glendive 

39 

1.8 

1.8 

I 

Great  Palls 

58 

4.0 

1.8 

II 

Hamilton 

45 

4.2 

1.6 

I 

Harlov/ton 

54 

1.8 

1.2 

I 

Havre 

40 

4.3 

3.3 

II 

Helena 

24 

2.0 

1.8 

I 

Jordan 

77 

13.0 

2.3 

II 

Kalispell 

29 

2.0 

1.6 

I 

Lewistown 

50 

1.4 

1.4 

I 

Libty 

30 

3.1 

1.6 

II 

Livingston 

31 

6. 4 

2.5 

III 

Miles  City 

79 

4.4 

1.9 

II 

Missoula 

26 

4.7 

3.0 

I 

Plentywood 

59 

4.2 

2.1 

II 

Poison 

51 

2.7 

1.4 

I 

Red  Lodge 

48 

7.1 

3.1 

II 

Sidney 

42 

5.7 

2.0 

III 

Thompson  Palls 

21 

3.6 

2.7 

III 

VJest  Yellowstone 

38 

4.3 

1.8 

II 

* A "clear  day" 

is  a day  that 

is  clear 

for  several  hours  around 

solar  noon. 

**  Average  absolute  value  of  deviation 

for  all 

clear  days. 
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Table  4 (Continued) 

1981  CLEAR  DAY  COMPARISONS 


**Deviation  % 


Station  Name 

*Clear  Days 

Orig. 

Adj. 

Class 

Anaconda 

43 

10.1 

1.6 

11 

Billings 

87 

6.8 

2.5 

I 

Bozeman 

82 

5.1 

1.8 

I 

Browning 

34 

6.08 

1.9 

I 

Butte 

21 

11.6 

1.8 

I 

Choteau 

68 

3.5 

1.99 

I 

Colstrip 

78 

4.39 

1.9 

1 

Dillon 

76 

6.15 

3.4 

11 

Ennis 

47 

9.6 

1.87 

1 

Fort  Benton 

68 

4.8 

1.76 

I 

Glasgow 

60 

5.49 

1.97 

I 

Glendive 

66 

5.1 

1.59 

1 

Great  Falls 

91 

3.9 

1.6 

I 

Hamilton 

68 

4.8 

1.27 

I 

Harlowton 

25 

2.08 

1.4 

I 

Havre 

69 

2.9 

2.2 

I 

Helena 

64 

14.5 

2.15 

11 

Jordan 

81 

15.1 

2.49 

111 

Kalispell 

33 

3.8 

1.6 

1 

Lewistown 

75 

2.24 

2.21 

1 

Libby 

27 

7.17 

1.8 

I 

Livingston 

40 

4.8 

1.6 

1 

Miles  City 

74 

6.2 

1.58 

1 

Missoula 

16 

5.9 

2.4 

11 

Plentywood 

33 

6.36 

■ 2.75 

111 

Poison 

40 

3.8 

2.1 

1 

Red  Lodge 

60 

8.04 

2.6 

1 

Sidney 

30 

6.5 

1.81 

I 

Thompson  Falls 

42 

3.8 

1.9 

II 

Nest  Yellowstone 

36 

8.03 

2.76 

11 

♦ A "clear  day" 

is  a day  that  is 

clear  for 

several 

hours  around 

solar  noon. 

**  Average  absolute  value  of  deviation  for  all  clear  days. 


Table  4 (Continued) 
1982  CLEAR  DAY  COMPARISONS 


1 66 


Station  Name  * 

Clear  Days 

Deviation  ^ 

Ori^.  Ad.i. 

Class 

Anaconda 

27 

12.5 

2.16 

II 

Billings 

74 

4.4 

1.7 

I 

Bozeman 

77 

7.5 

3.3 

II 

Browning 

71 

4.9 

2.3 

I 

Butte 

44 

11.2 

2.4 

I 

Choteau 

85 

6.2 

1.5 

I 

Colstrip 

40 

4.6 

2.8 

II 

Dillon 

73 

9.8 

3.8 

II 

Ennis 

■ 47 

12.7 

3.96 

II 

Fort  Benton 

82 

6.9 

1.9 

I 

Glasgow 

39 

15.5 

3.7 

II 

Glendive 

59 

5.4 

1.6 

I 

Great  Falls 

96 

3.9 

1.9 

I 

Hamilton 

63 

7.4 

1.8 

I 

Harlowton 

59 

5.9 

1.87 

I 

Havre 

81 

4.4 

2.5 

I 

Helena 

10 

23.2 

2.3 

III 

Jordan 

81 

18.8 

2.98 

II 

Kalispell 

53 

3.6 

2.7 

I 

Lewistown 

86 

2.5 

1.4 

I 

Libby 

48 

6.9 

4.87 

I 

Livingston 

22 

6.1 

4.5 

III 

Miles  City 

74 

9.8 

2.6 

I 

Missoula 

48 

7.9 

3.3 

II 

Plentywood 

34 

4.7 

2.3 

II 

Poison 

47 

4.4 

2.3 

I 

Red  Lodge 

61 

6.4 

3.07 

II 

Sidney 

25 

8.7 

4.06 

II 

Thompson  Falls 

3 

7.6 

8.3 

III 

West  Yellowstone 

8 

13.6 

8.8 

III 

* A "clear  day"  is 

a day  that 

is  clear  for  several 

hours  around 

solar  noon. 

**  Average  absolute 

value  of  deviation  for 

all  clear 

days. 
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APPENDIX  II;  SIMPLIFIED  PERFORMANCE  ESTIMATION 


"VJe  are  all  working  together  to  one  end, 
some  vjith  knowledge  and  design,  and  others 
without  knowing  what  they  do."  Marcus  Aurelius 

1.0  INTRODUCTION 

This  section  presents  some  highly  simplified  performance  estimation 
procedures  and  system  design  considerations.  The  use  of  this  information 
will  insure  that  your  design  expectations  will  not  he  totally  absurd. 
After  these  simplified  procedures  are  used  to  rough  out  the  design  the 
designer  should  proceed  to  the  more  accurate  detailed  design  procedures 
(a)  and  (b)  listed  below. 

(a)  To  accurately  estimate  the  performance  of  an  active  solar  homeheating 
system  or  active  solar  domestic  hot  water  system  the  designer  should  use 
the  f-chart  design  procedure.  The  simplified  f-chart  procedures  given  in 
Appendix  III  of  this  Manual  is  adequate  for  all  active  solar  systems  of 
standard  design  to  be  used  in  Montana. 

(b)  Detailed  design  considerations  and  procedures  for  passive  heating 
systems  are  given  in  the  Passive  Solar  Design  Handbook,  Volumes  1 to  3t 
D0E/cS~0127,  prepared  for  the  U.  S.  Department  of  Energy  Vlashington, 

D.C.  20585. 

1.1  Some  Basics  to  Keep  in  Mind 

The  cardinal  rule  in  solar  system  design  is  Keep  it  Simple.  Rube 
Goldberg  design  fantasies  bristling  with  multiple  heat  exchangers,  pumps, 
fans,  controls,  coils,  valves,  dampers,  vents,  etc.,  should  generally  be 

avoided.  Use  standard,  proven  designs. 

A solar  system  is  expensive,  normally  taking  10  to  20  years  to  pay 
for  itself.  It  should  therefore  be  designed  to  last  longer  than  20  years 
with  minimal  maintenance  to  be  economically  viable. 

Solar  radiation  is  a very  diffuse  form  of  energy.  A surface,  the 
size  of  this  page  vjill  receive  about  100  kWh  (341»000  Btu)  each  year  in 
Montana.  A solar  system  will  convert  about  l/3  of  this  or  33  WrJh 
(11,700  Btu)  into  usable  energy.  A typical  household  will  need  about 
1000  times  this  amotmt  of  energy  each  year  for  heating,  lifting  and 


appliances. 
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Active  solar  systems  move  the  solar  energy  through  several  heat 
exchangers  hefore  it  is  delivered  to  the  end  load.  Inef ficiences  along 
the  ’’links  of  this  chain”  will  accumulate.  For  example,  if  there  are 
three  ’’links”  that  are  only  as  efficient  as  they  should  be  the  over- 
all system  will  be  QOfo  x .8  x .8  or  ^V/a  as  efficient  as  it  could  be! 

All  details  of  the  system  must  therefore  be  designed,  sized  and  built 
right  to  maintain  acceptable  performance. 

The  collector  should  not  be  shaded  by  trees  or  buildings.  Piven 
shade  from  a tree  with  no  leaves  will  seriously  reduce  the  heat  output 
of  a collector.  The  sun  angles  given  in  Section  3 will  help  determine 
shading. 

Passive  solar  systems  will  need  special  glazing  or  movable  insula- 
tion (to  control  heat  loss)  to  achieve  efficient  performance  in  midwinter. 
If  large  areas  of  glass  are  used  the  heat  storage  system  must  be  care- 
fully designed  and  of  adequate  size.  The  temperature  of  a sunspace, 
having  insufficient  storage,  can  easily  reach  95  ^ sunny  vrinter  day. 

The  nemesis  of  active  air  solar  systems  is  leakage.  Special  dampers 
should  be  used  and  all  ductwork,  collectors  and  plenums  should  be  care- 
fully sealed.  A completed  system  should  be  tested  for  leaks. 

Liquid  collectors  must  be  protected  from  freezing  and  the  freeze 
protection  must  be  100/o  PAIL  SAPTl.  The  long  term  effects,  of  corrosion 
should  be  carefully  evaluated. 

2.0  SHORT  FORM  SOLAR  AND  WEATHER  DATA 

The  map  in  Figure  1 defines  regions  in  Montana  having  similar  amounts 
of  solar  radiation  during  the  heating  season.  At  least  one  data  station 
has  been  selected  for  each  region.  The  solar  radiation  and  v;eather  data 
for  these  stations  has  been  condensed  for  use  vjith  the  simplified  per- 
formance estimation  methods  presented  in  this  Appendix.  Locate  the  region 
containing  your  site  and  select  the  nearest  data  station  in  the  region. 

The  data  tables.  Table  1 through  Table  10,  show  the  total  solar  rad- 
iation each  month  (in  1,000’s  of  Btu)  striking  an  area  of  one  square  foot. 
The  radiation  is  shown  for  collector  tilts  of  45°  (for  domestic  hot  water), 
60°  (for  active  space  heating  systems)  and  90  (for  passive  space  heating 
systems).  Annual  totals  are  given  in  the  last  column  of  the  tables. 
Temperature  and  degree— day  data  in  °F  are  also  included  to  estimate  heating 
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requirements. 

Some  blank  summary  tables  are  also  included.  The  user  can  make  up 
a custom  table  for  any  of  the  30  stations.  Use  the  daily  average  solar 
data  for  each  month  from  Section  3 and  correct  for  the  tilt  angle  de- 
sired, Convert  into  monthly  values  and  convert  to  the  desired  units. 
Transfer  the  temperature  and  degree  day  data  from  Section  7*  • 

2.1  SOLAR/loaI)  Ratio  Summary  Map 

The  monthly  total  solar  radiation  is  divided  by  the  monthly  total 
degree  days  to  form  the  SOLAR/lOAD  RATIO  map  for  Montana.  This  data 
is  presented  for  the  heating  season  defined  as  October  through  April. 

The  solar/load  RATIO  reflects  the  balance  between  "How  much  solar  heat 
is  available"  and  "How  much  space  heating  is  needed". 

The  map  in  Figure  2 defines  the  relative  impact  of  solar  space 
heating  on  heating  requirements.  A given  solar  heating  system  will 
supply  a larger  percentage  of  the  load  in  areas  having  a higher  solar 
load  ratio. 

3.0  ACTIVE  SOLAR  SYSTEM  PERFORMANCE  ESTIMATION 

The  first  step  is  to  classify  the  collectors  to  be  used  as  BEST, 
AVERAGE,  or  POOR.  For  example  a well  insulated,  double  glazed,  selective 
surface  liquid  collector  using  low  iron  glazing  would  be  BEST.  A single 
glazed,  front  pass  air  collector  with  modest  insulation  and  typical 
leakage  would  be  POOR.  (See  TYPICAL  COLLECTOR  PERIX3RMANCE  CURES,  Figure  2 
and  3,  APPENDIX  III  for  help).  If  in  doubt  assume  your  collector  is 

average. 

The  table  below  shows  the  expected  average  conversion  efficiency  for 
the  three  classes  of  systems.  Conversion  efficiency  is  the  amount  of 
energy  delivered  by  the  active  solar  system  divided  by  the  solar  energy- 
received  on  the  surface  of  the  collectors. 


SYSTEM  CLASSIFICATION 

CONVERSION  EFFICIENCY 

BIST 

.30  to  .40 

AVERAGE 

.20  to  .30 

POOR 

0 to  .20 
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The  solar  heat  collected  is  estimated  by  multiplying  the  solar 
radiation  on  the  collector  by  the  conversion  efficiency. 


Example  1 : Estimate  the  annual  solar  heat  delivered  by  a high 

cfuality  solar  domestic  hot  water  system  in  Billings,  The  coll- 

o 2 

ector  is  mounted  at  a 45  tilt  and  its  area  is  60ft  . 

V/ e select  a conversion  efficiency  of  0,35»  The  annual  average 

o 2 

solar  radiation  in  Billings  on  a 45  surface  is  505,000  Btu/ft 
(See  Table  1).  The  annual  solar  heat  is  505»000  x 60  x 0.35  = 
10,600,000  Btu. 


, Example  2:  Estimate  the  annual  solar  heat  delivered  by  a medium 

quality  solar  space  heating  system  in  Missoula.  The  collector  is 
^ o p 

tilted  at  60  and  has  an  area  of  350ft  . 

We  select  an  average  conversion  efficiency  of  0.^5.  The  annual 

average  solar  radiation  in  Missoula  on  a 60°  surface  is  403,000  Btu/ft^. 

The  annual  solar  heat  is  403,000  x 350  x 0.25  = 35,263,000  Btu. 


The  calculation  above  can  be  done  on  a month  by  month  basis.  Keep 
in  mind  that  real  collectors  will  be  more  efficient  during  warm  weather 

than*during  the  winter.  Our  simplifying  assumption  of  constant  conversion 

•> 

efficiency  will  consequently  distort  the  monthly  distribution. 

4.0  PASSIVE  SOLAR  SYSTEM  PERFORMANCE  ESTIMATION 

A ’’passive*’  solar  system  is  normally  a large  area  of  south-facing 
glass  incorporated  into  the  south  side  of  the  building.  This  glass  is 
usually  vertical,  (90  ),  The  building  itself  becomes  a low  temperature 
solar  collector.  Since  the  building  is  at  low  temperature  the  conversion 
efficiency  of  this  ’’collector”  is  quite  high;  ranging  from  0.45  to  O.65 
during  the  day. 

The  same  glass  that  collects  heat  efficiently  during  the  day  will 
loose  large  amounts  of  heat  during  the  night  in  cold  weather.  During 
a sxinny , Montana,  winter  day  a south  facing  window  will  gain  heat  for 
about  5 hours  and  lose  heat  for  the  other  19  hours!  During  a cloudy 
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day  the  window  will  lose  heat  for  24  hours  a day. 

2 

The  heat  loss  factor  for  a double  glazed  windov;  is  0,58  Btu/hr— ft  — F. 

The  data  tables  show  an  average  air  temperature  in  Great  Falls  in  December 

as  26.5°F.  If  the  average  interior  air  temperature  of  a building  is  68°F 

the  monthly  heat  lost  through  a window  1 square  foot  in  area  is  0.58Btu/hr- 

ft^“°P  X 24  hr/day  x 31  days/month  x ( 68  - 26.5)°F  x 1 ft^  = 17|900  Btu. 

The  monthly  solar  radiation  on  a 90°  surface  in  Great  Falls  in 

2 

December  is  24»100  Btu/ft  (see  Table  6).  If  the  v;indow  transmits  O.65 
of  this  solar  radiation  then  15j665  Btus  of  solar  heat  will  be  gained. 

The  result  is  that  the  passive  solar  window  loses  more  heat  than  it  gains 
d\iring  this  month. 

This  simple  example  illustrates  a crucial  issue  of  passive  solar 
design  in  our  climate*  Unwanted  heat  loss  through  the  large  glazed  areas 
severely  limits  the  average  performance  of  the  passive  solar  system. 

Design  solutions  to  this  problem  include  movable  insulation  systems  and 
special  low-loss  glazings.  Since  the  glazing  is  losing  heat  over  80^ 
of  the  time  during  an  average  day  a reduction  in  this  heat  loss  will 
dramatically  improve  the  average  solar  system  pe:^formance. 

The  solar  heat  collected  by  a south-facing  glazed  area  can  be 
estimated  by  the  following  equation 

PASSIVE  SOLAR  HEAT  = 0.6  x AREA  x 90°  SOLAR  RADIATION 


Example:  How  much  solar  heat  will  be  gained  by  a vertical,  south 

2 

facing  window  having  an  area  of  200ft  in  Billings  during  Februaiy? 

2 

The  table  shov/s  31,900  Btu/ft  solar  radiation  on  a vertical 

surface  in  February  in  Billings. 

SOLAR  HEAT  = .6  x 200  x 31,900  = 3,828,000  Btu 

The  additional  heat  load  caused  by  the  glazing  is  incorporated  into 
the  building  load  calculations.  Compare  the  auxiliary  energy  require- 
ments of  the  passive  solax  building  with  the  auxiliary  energy  required 
by  the  same  building  without  the  passive  solar  glazing.  The  difference 
in  auxiliary  energy  required  is  the  net  solar  energy  delivered  by  the 
passive  system. 
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3.0  OTHER  IffiSIGN  RESOURCES 

Design  routines  which  can  he  implemented  on  personal  computers  or 
low  cost  hand  calculators  have  heen  developed.  Some  programs  are  avail- 
able in  the  literature  and  may  he  copied.  Software  for  passive  and 
active  solar  design  are  available  from  several  commercial  sources. 

(Look  for  advertisements  in  monthly  periodicals  such  as  Solar  Engineering, 
Solar  Age,  Byte,  Solao*  Heating  & Cooling,  or  various  •'Guides**  to  solar 
equipment • ) 

Manufacturers  of  solar  equipment  usually  provide  some  type  of  design 
support  to  help  the  user  select  properly  sized  components.  Lists  of 
manufacturers  are  available  throu^  government  sources,  trade  journals 
and  solar  energy  books  available  at  many  local  bookstores. 

The  design  services  of  local  engineers,  architects  and  heating 
contractors  may  be  used.  Names  and  addresses  can  be  obtained  through  the 
appropriate  professional  organizations,  trade  organizations,  ENR&C,  or 
the  Yellow  Pages  of  the  phone  book.  If  you  enlist  the  design  services 
of  consultants  and  manufacturers  ( especially  those  outside  Montana)  you 
should  make  them  aware  of  the  information  in  the  Montana  Solar  Data 
Manual. 

There  has  been  a rapid  growth  in  all  areas  of  solar  utilization  in 
the  past  few  years.  In  the  late  1960's  there  were  only  about  a dozen 
solar  heated  buildings  in  the  United  States;  nov;  there  aire  thousands  of 
solar  homes  completed  or  under  construction.  In  Montana  there  is  prob- 
ably at  least  one  solar  home  within  50  miles  of  your  home.  A number  of 
these  homes  are  ••demonstration  projects^^  funded  by  the  Alternative  Renew- 
able Energy  Sources  Program  of  the  Montana  INR&C  and  are  available  to 
the  public  for  viewing.  A person  who  is  considering  investing  in  a 
solar  system  should  visit  these  homes. 

The  novice  solar  designer  has  an  increasing  resource  base  against 
which  he  can  measure  and  improve  his  ideas.  The  novice  designer  would 
do  well  to  keep  in  mind  the  adage  ••Those  who  neglect  to  study  history 
are  fated  to  repeat  it^*.  This  Appendix  began  with  a quote  and  ends  v;ith 
another  quote.  Remember  both  of  them. 

A little  learning  is  a dangerous  thing: 

Drink  deep,  or  taste  not  the  Pierian  spring: 

There  shallow  draughts  intoxicate  the  brain. 

And  drinking  largely  sobers  us  again. 

Alexander  Pope 


(k 
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SOUR/LOAD  RATIO  = «°nthly  total  solar  radiatlon^.Btu/p 

Monthly  total  heating  degree  days,  F-days 
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Figure  2:  Montana  SOLAR/loaD  Ratio  Map  Showing  Four  Regions 
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APPENDIX  IIlj  F-CHART  DESIGN  PROCEDURE  FOR  ACTIVE  SOLAR  SYSTEMS 

1 . 0 INTRODUCTION 

An  exhaustive  review  of  the  literature  describing  solar  system 
design  and  economic  analysis  procedures  is  beyond  the  scope  of  this 
Data  Manual.  Details  of  design  procedures  are  described  in  many  of 
the  references  listed  in  this  Manual.  These  references  are  generally 
available  from  (a)  local  library  resources  such  as  Montana  On-Line 
Reference  Service;  (b)  government  agencies  (DOE,  HUD,  NBS,  SERI, 

Government  Printing  Office) ; and  ( c)  directly  from  the  author  of  the 
reference. 

Detailed  simulation  methods  using  large  computers  have, been  developed 
and  used  for  research  purposes  and  for  the  design  of  large  and  complex 
solar  installations.  These  programs  usually  require  hourly  solar  and 
weather  data  along  with  a detailed  description  of  the  solar  system  com- 
ponents and  control  system.  The  use  of  these  precise  methods  is  usually 
not  economically  justified  for  the  design  of  small  systems  for  a home  or 
small  commercial  building. 

Several  simplified  methods  have  been  developed  v;hich  use  monthly 
average  solar  and  weather  data  (such  as  the  data  given  in  this  Manual). 
These  methods  have  been  developed  \ander  various  government  sponsored  re- 
search projects  and  are  available  to  the  general  public.  The  inclusion 
of  these  design  methods  in  this  Manual  does  not  constitute  an  endorse- 
ment of  these  procedures.  The  methods  were  selected  for  review  because 
they  are  widely  used  and  are  generally  available.  The  individual  solar 
designer  must  select  a design  method  appropriate  to  the  requirements  of 
his  project. 

1.1  Vfhat  is  F-Chart? 

F-chart  is  a method  for  predicting  the  performance  of  active  solar 
heating  systems.  It  uses  readily  available  information  such  as  solar 
collector  specifications,  estimates  of  heating  load,  and  weather  data  to 
calculate  the  fraction  of  the  heating  load,  f,  which  solar  energy  would 
provide  for  a particular  design.  F-chart  is  therefore  quite  useful  in 
the  design  process  for  sizing  systems  and  estimating  system  economics 
and  energy  savings. 
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A complete  discussion  of  the  f-chart  method  including  all  necessary- 
weather  data  for  100  U.S.  and  Canadian  cities  is  given  in  Solar  Heating 
Desigi  by  the  f-Chart  Method;  Beckman,  Klein  and  Duffie;  Wiley,  1977. 

The  method  was  developed  by  the  Solar  Energy  Laboratory  of  the  University 
of  Wisconsin.  It  represents  a correlation  of  the  results  of  numerous 
system  simulations  using  the  computer  program  TRNSYS  (Transient  System 
Simulation),  also  developed  at  the  University  of  Wisconsin.  The  method 
has  been  set  up  for  hand  calculation  using  a series  of  standard  forms 
and  tables.  It  has  also  been  programmed  onto  microcomputer  format  v;hich 
is  available  from  P-CHART  SOFTWARE,  4406  Pox  Bluff  Road,  Middleton,  Wis- 
consin, 53562.  The  simplified  method  presented  in  this  Appendix  is  bas^d 
entirely  on  this  work. 

P-chart  can  be  used  for  predicting  the  performance  of  active  dom- 
estic hot  water,  space  heating,  or  combined  systems.  F— chart  is  espe- 
cially useful  for  design  of  domestic  hot  water  systems  because  of  the 
greater  accuracy  with  which  hot  water  heating  loads  may  be  estimated.  It 
is  most  accurate  when  used  on  reasonably  standard  designs  using  standard 
amounts  of  thermal  storage  and  having  reasonable  efficiency  and  heat 
losses.  For  such  systems,  the  f-chart  predictions  have  been  found  to 
agree  well  with  actual  field  data.  Methods  have  been  developed  to  acco-unt 
for  effects  of  non-standard  collector  fluid  flowrate  and  thermal  storage. 
These  are  described  in  the  above  book. 

1.2  What  is  Simplified  F-Chart? 

The  simplified  f-chart  method  presented  here  attempts  to  reduce  the 
amount  of  engineering  calculations  required  for  estimating  system  perform- 
ance by  using  assumed  values  for  certain  parameters.  Use  of  the  solar 
radiation  data  in  Section  3 of  this  manual  also  greatly  simplifies  the 
method,  because  solar  radiation  data  is  given  there  for  the  tilted  plane 
of  the  collector.  This  eliminates  the  somewhat  tedious  calculation  of 
tilted  plane  solar  radiation  from  the  horizontal  plane  solar  radiation 
generally  tabulated  by  the  Weather  Bureau,  Such  a calculation  is  required 
in  the  full  f-chart  method. 

1.3  What  Solar  System  may  be  Analyzed  with  Simplified  F-Chart? 

Simplified  f— chart  may  be  used  to  estimate  the  fraction  by  solar 
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for  domestic  hot  water,  space  heating,  or  combined  active  solar  heating 
systems.  Either  liquid  or  air  systems  may  be  considered.  The  method  is 
most  accurate  for  flat  plate  collector  systems  of  at  least  approximately 
known  thermal  specifications.  It  may  be  used  for  approximate  analysis 
of  evacuated  tubular  collector  systems,  site-built  air  collector  systems 
for  which  only  estimated  collector  thermal  specifications  are  available 
or  for  systems  utilizing  complex  control  or  thermal  storage  strategies. 
(These  restrictions  apply  to  the  full  f-chart  method  as  well).  Typical 
collector  efficiency  curves  are  included  for  use  when  test  data  is  not 
available. 

1.4  Hovj  Accurate  is  Simplified  F-Chart? 

The  accuracy  of  any  solar  performance  estimation  method  is  limited 
primarily  by  the  accuracy  of  the  inputs;  heating  load  and  weather  data. 
Heating  loads  may  vary  from  estimated  values  by  2%  or  more,  especially 
in  the  case  of  space  heating  loads  v/hich  have  been  estimated  from  hand- 
book data.  Weather  parameters  may  vary  from  year  to  year  by  25^a  or 
more. 

The  accuracy  of  the  simplified  f-chart  method  itself,  assuming 
perfectly  accurate  input,  is  probably  better  than  2%  for  any  system 
and  considerably  better  for  domestic  hot  water  systems  of  standard  design. 
For  those  interested  in  improving  this  portion  of  the  accuracy,  the  full 
f-chart  method  should  be  used  for  systems  having  at  least  one  of  the 
characteristics  below: 

1.  The  amo^ult  of  thermal  storage  is  not  between  I.5  and  3 
gallons  of  water  (liquid  systems)  or  0.6  to  1 cubic  feet 
of  rock  (air  systems)  per  square  foot  of  solar  collector. 

2.  The  air  flow  rate  through  each  collector  panel  for  air 
systems  is  not  between  1 and  4 cubic  feet  of  air  per  min- 
ute per  square  foot  of  solar  collector. 

3.  The  collector  orientation  is  not  within  - 15°  of  true 
south. 

4.  The  heat  exchanger,  if  present,  which  transfers  heat  from 
the  fluid  heated  in  the  solar  collectors  to  the  load  is  not 
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of  standard  engineering  design. 

Such  corrections  are  seldom  v/arranted  because  heating  load  and 
weather  data  contain  larger  approximations. 

Table  1 lists  recommended  system  parameters  for  active  solar  heating 
systems  in  Montana. 

1.5  How  Does  Simplified  F-Chart  V/ork? 

Simplified  f— chart  will  estimate  monthly  and  yearly  solar  frac- 
tion and  solar  and  backup  heat  rates  by  following  the  three  steps  belov;. 
All  data  is  entered  on  the  V/orksheet  shovm  in  Figure  1.  This  Vlorksheet 
can  be  used  as  a master  to  reproduce  working  copies  using  an  office 
copier.  In  general,  there  are  three  kinds  of  inputs  to  the  method: 

1.  System  parameters;  constant  thermal  parameters  of  the  system 
including  solar  collector  efficiency  factors,  hot  v;ater  usage, 
and  building  heat  loss  coefficient. 

2.  Collector  area;  also  a system  parameter  but  the  one  typically 
varied  in  the  design  process  to  determine  optimum  perform- 
ance. 

3.  Weather  data;  average  solar  radiation  on  the  tilted  surface, 
heating  degree  days,  and  average  temperature.  These  are 
tabulated  in  earlier  sections  of  the  manual. 

And  there  are  two  kinds  of  output: 

1.  Solar  fraction;  the  monthly  and  yearly  fraction  of  the  heating 
load  provided  by  solar  energy. 

2.  Solar  and  backup  heat  rates;  monthly  and  yearly  energy  supplied 
from  the  sun  and  by  backup  to  meet  the  total  heating  load. 

Use  is  made  of  the  metric  system  of  units  in  this  Appendix  because  the 
solar  radiation  data  in  this  Meinual  is  given  in  metric  units,  (a  units 
conversion  table  is  presented  in  Appendix  v. 
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2.0  STEP  BY  STEP  SIMPLIFIED  F-CHART  PROCEDURE 

STEP  1:  ISTIMATE  SYSTEM  PARAMETERS 

There  are  five  constant  system  parameters  which  must  be  estimated. 

a.  Heat  Exchanger  Factor  (b) 

A heat  exchanger  may  be  present  in  the  system  to  transfer  heat  from 
the  fluid  heated  in  the  solar  collectors  to  the  thermal  storage.  Choose 
B from  the  follov;ing  table  and  enter  it  at  the  bottom  of  the  V/orksheet, 
Figure  1. 


Situation 

Heat  Exchanger  Factor 
(B) 

No  heat  exchanger 

used 

1 

Heat  exchanger 

used 

0.9 

Heat  exchangers  of  non-standard  engineering  design  should  be  treated 
using  the  full  f-chart  method  for  improved  accuracy. 

b.  Solar  Collector  Heat  Loss  Factor  (c) 

The  thermal  performance  of  flat  plate  solar  collectors  is  typically 
expressed  by  two  factors.  These  are  measured  in  a standard  manner 
(ASHRAE  93-77)  and  reported  in  the  thermal  specifications  section  of  the 
collector  data  sheets.  The  collector  heat  loss  factor,  C,  is  labeled 
"F  U ” on  most  data  sheets,  or  given  as  the  slope  of  the  efficiency  curve. 
C must  be  used  in  metric  units  in  this  method;  W/  C-m'^.  If  it  is  reported 

r\ 

in  english  units,  BTUh/°F-ft  , multiply  it  by  5*87» 

If  C cannot  be  determined  from  the  collector  data  sheets.  Figure  2 
(for  liquid  collectors)  or  Figure  3 (for  air  collectors)  should  be  used 
to  determine  C for  the  type  of  collector  used.  The  value  of  the  Collector 
Heat  Loss  Factor  should  be  entered  at  the  bottom  of  the  V/orksheet. 

c.  Solar  Collector  Glazing  Factor  (P) 

The  solar  collector  glazing  factor,  D,  is  the  other  standard  thermal 
performance  factor  reported  in  the  thermal  specification  section  of 
collector  data  sheets.  D is  labeled  F^'toc  on  most  data  sheets  or  given 
as  the  y-intercept  of  the  efficiency  curve.  It  is  dimensionless.  If  D 
cannot  be  determined  from  the  collector  data  sheets.  Figure  2 (for  liquid 
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collectors)  or  Figure  3 (for  air  collectors)  should  be  used  to  determine 
D for  the  type  of  collector  used.  The  Collector  Glazing  Factor  should  be 
entered  at  the  bottom  of  the  VJorksheet. 

d.  Water  Heating  Load 

The  water  heating  load,  Q , is  the  monthly  energy  required  for 

v 

heating  domestic  hot  water.  Q depends  on  hot  water  consumption,  and  hot 

w 

and  cold  water  supply  temperatures.  An  estimate  for  0 should  be  taken 

w 

from  the  following  table: 


NTimber  in  Family 

VJater  Heating  Load 

(P  ) 

2 

205  klVh/month 

4 

380  Id'/h/month 

6 

560  kWh/month 

(These  figures  assume  20  gal/capita-day  for  the  first  occupant,  and  15 
gal /capita-day  for  additional  occupants,  and  temperature  rise  of  80°F. 

If  more  accurate  figures  are  knovm  they  should  be  used.  See  the  f— chart 
book  for  treatment  of  variable  cold  water  supply  temperature).  If  no 
solar  v.'ater  heating  is  included  in  the  design,  the  value  of  should  be 
set  to  zero.  The  estimated  Water  Heating  Load,  should  be  entered  at 
the  bottom  of  the  VJorksheet. 

e.  Building  Heat  Loss  Factor  (l)  • 

The  building  heat  loss  factor,  L,  represents  the  overall  "UA"  of 
the  building,  including  infiltration.  It  is  the  most  difficult  of  the 
system  parameters  to  accurately  determine.  It  is  beyond  the  scope  of 
this  Manual  to  discuss  the  various  methods  available  for  the  calculatibn 
of  the  building  heat  loss  factor.  If  the  reader  is  not  familiar  with 
such  calculations,  he  should  either  consult  an  appropriate  reference 
listed  in  a later  Appendix  or  make  a very  approximate  determination  of 
L from  the  following  table: 
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For  Buildings  IVhich  Are 

Multiply  the  Floor  Area  in  Square 
Feet  by  This  Factor  to  Generate  an 
Estimate  of  L in  ld'/h/°C-Day 

Well  insulated  and  sealed 

0.0026 

Moderately  v^ell  insulated 

0.0053 

and  sealed 

Poorly  insulated  and  sealed 

0.008 

i he  value  of  the  Building  Heat  Loss  Factor,  L,  should  he  entered  at  the 
bottom  of  the  Worksheet.  If  solar  space  heating  is  not  being  considered, 
this  calculation  ma;7  be  eliminated. 


EXAMPLE;  A solar  water  and  space  heating  system  is  being  designed  for  a 
family  of  four  in  Billings.  The  collectors  are  liquid  type  and 
are  double  glazed  with  the  absorber  painted  black.  No  data 
sheets  are  available  for  the  collectors.  A heat  exchanger  is 
used.  No  building  heat  loss  factor  is  available  but  the  house 
is  well  insulated  and  sealed  and  has  1800  ft^  of  living  area. 

A tilt  angle  of  50°  is  selected. 

The  system  parameters  are: 

B = .9  (heat  exchanger  is  used) 

G = 4*3  w/°C-m  ( from  Figure  2,  collector  type  2) 

D = .6  (from  Figure  2,  collector  type  2) 

Q^=  380  ki/h/month  (family  of  four) 

L = 4.7  kl-/h/°C-day  (18OO  ft^  x 0.0026;  v;ell  insulated  and  sealed) 

STEP  2:  CHOOSE  COLLECTOR  AREA  (a) 

The  collector  area  is  the  parameter  most  often  chosen  for  system 
optimization.  Because  factory  built  solar  collectors  are  expensive,  the 
number  of  collectors  significantly  affects  system  costs  and  hence  payback. 
Also,  diminishing  returns  will  set  in;  as  collectors  are  added  to  the  sys- 
tem, the  incremental  increase  in  solar  fraction  vjill  taper  off. 

If  the  number  of  solar  collectors  is  not  yet  fixed,  it  is  recommended 
that  an  initial  design  value  of  A be  calculated  from  the  number  of 
collectors  given  in  the  follov:ing  table; 
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System  Type 

Family  Size 

Number  of 
Collectors 

Typical  Collector 
Area  (ra  ) 

Water  Heating 

2 

2 

4 

3 

3 - 8 

6 

4 

Space  heating  or 

combined 

— 

10 

20  - 50 

It  will  te  necessary  to  determine  the  area  of  each  solar  collector  from 
the  collector  data  sheets,  in  square  meters.  If  the  collector  area  is 
given  in  square  feet,  divide  by  10.76.  Enter  the  Collector  Area,  (a), 
at  the  bottom  of  the  Worksheet.  The  system  performance  may  then  be 
estimated  using  Step  3. 

Because  the  values  of  the  correlation  parameters  X and  Y (heating 
load  factor  and  solar  availability  factor)  are  proportional  to  A,  the 
monthly  performance  for  other  values  of  collector  area  may  be  easily 
determined  without  the  somewhat  tedious  process  of  STEPS  1,  2,  and  3. 

A collector  tilt  of  about  60°  is  noinnally  used  for  winter  collection 
of  solar  radiation  for  space  heating  in  Montana.  For  domestic  water  heat- 
ing a tilt  of  45  "to  50°  would  be  typical.  Enter  Collector  Tilt  on  Work- 
sheet. 

EXAMPLE:  Collector  data  sheets  were  not  available,  but  the  aperatxire  area 
of  a single  collector  is  measured  to  be  I8  ft^.  The  initial 
design  collector  area  will  be: 

A = (15  collectors  • I8  ft^/collector) /10. 76  m^/ft^  25  m^ 

STEP  3:  CALCULATION  PROCEDURE 

Calculation  of  monthly  heating  load  factors,  X,  solar  availability 
factors,  Y,  monthly  and  yearly  solar  fractions,  and  heat  rates  should  be 
done  using  the  Worksheet,  Figure  1.  Values  of  A,  B,  C,  B,  L,  and  tilt 
determined  in  STEPS  1 and  2 should  now  be  entered  at  the  bottom  of  the 
V/orksheet.  Then: 

a.  Copy  the  value  of  from  the  bottom  of  the  worksheet  into  Column  (2) 
for  all  months,  (if  solar  water  heating  is  not  included  in  the 
design,  all  values  in  column  (2)  should  be  zero.) 
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Copy  the  monthly  heating  degree  days  (°C)  for  the  site  (from  the 
climatological  data  in  Section  7 of  the  Manual)  into  column  (3). 
(Since  the  climatological  data  is  given  in  both  Celsius  and  Fahr- 
enheit, care  should  be  taken  to  use  degree  days  in  degrees  Celsius.) 

c.  Calculate  the  space  heating  load,  Q , by  multiplying  the  values  in 
column  (3)  by  the  building  heat  loss  factor,  L,  and  entering  the 
result  in  column  (4).  (if  solar  space  heating  is  not  included  in 
the  design,  all  values  of  0 in  column  (4)  should  be  zero.) 

B ' 

d.  Calculate  the  total  heating  load,  Q,  by  adding  columns  (2)  and  (4) 
and  entering  the  result  in  column  (5).  Sum  the  values  in  column 
(5)  to  obtain  the  yearly  heating  load  and  enter  the  result  in 
block  ( 1 5)  • 

e.  Copy  the  values  of  daily  average  temperature  for  the  site,  T,  from 
the  climatological  data  in  Section  7 of  the  Manual  into  column  (6). 
(The  climatological  data  is  given  in  both  Celsius  and  Fahrenheit 

and  care  should  be  taken  to  use  daily  average  temperature  in  degrees 
C elsius. ) 

f.  Calculate  the  reference  temperature  difference  by  subtracting  the 
values  of  T in  coliamn  (6)  from  100  and  enter  the  results  in  column 

(7) . 

g.  Calculate  the  monthly  heating  load  factor,  X,  by  multiplying  the 
value  of  A*B*C  by  the  value  in  column  (7)  and  by  0.72.  Then 
divide  by  the  value  in  column  (5)  and  enter  the  results  in  colxurm 

(8) . 

h.  Copy  the  values  of  daily  average  solar  radiation  for  the  site,  S, 
from  Overall  Averages,  Section  3,  of  the  Manual  into  coliimn  (9). 

i.  Copy  the  collector  tilt  correction  factors  for  the  desired  tilt 
angle  from  Section  3 of  the  Manual  into  column  (10). 
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j.  Calculate  the  solar  availability  factor,  Y,  by  multiplying^  the  value 
for  A*B*D  by  values  in  columns  (9)  arid  (10)  and  by  30.  Then  divide 
by  the  value  in  column  (5)  and  enter  the  results  in  column  (ll). 


k.  Using  the  f— chart  correlations  shown  in  Figure  4f  determine  values  of 
the  monthly  solar  fraction,  f,  and  enter  in  column  (12).  This  can 
be  done  by  plotting  the  point  (X,Y)  onto  the  correct  f-chart  (liquid 
or  air  system)  and  interpolating  the  values  of  f from  the  curves 
immediately  above  and  below  the  point  (X,Y).  Because  this  method 
is  an  approximate  one  for  many  reasons,  a guesstimated  interpolation 
is  completely  adequate.  The  values  should  be  entered  into  column  (l2). 
This  value,  f,  is  the  fraction  of  the  total  heating  load  which  the 
solar  system  is  contributing. 


l.  Calculate  the  monthly  solar  energy  delivered  to  the  heating  load  by 
multiplying  the  values  in  column  (5)  by  the  values  in  column  (12)  and 
entering  the  results  in  colxomn  (13).  Sum  this  column  to  yield  the 
yearly  solar  energy  delivered  to  the  heating  load  and  enter  in 
block  ( 16) . 

m.  Calculate  the  monthly  backup  energy  needed  by  subtracting  the  values 
in  (13)  from  the  values  in  column  (5)  and  entering  the  results  in 
colxunn  (14).  Subtract  the  value  in  block  (16)  from  the  value  in 
block  (15)  "fco  yield  the  yearly  backup  energy  required,  and  enter  the 
result  in  block  (l?). 

n.  Calculate  the  yearly  solar  fraction  by  dividing  the  value  in  block 
(16)  by  the  value  in  block  (15)*  This  is  the  fraction  of  the  yearly 
total  heating  load  which  the  solar  heating  system  is  designed,  to 
contribute,  (The  monthly  solar  fractions  cannot  be  combined  directly 
to  yield  a yearly  solar  fraction  because  of  the  nonlinearity  of  the 
f-chart  correlations,) 

EXAMPLE;  A sample  completed  worksheet  for  the  example  system  is  shovm 

in  Figure  5*  The  annual  solar  fraction  for  this  system  was  45/j. 


TABLE  1 

DESIGN  RECOmENDATIONS  FOR  ACTIVE  SOLAR  SPACE 
HEATING  SYSTEMS  IN  MONTANA* 
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John  VJiley  and  Sons 
per  unit  collector 


SIMPLIFIED  f-CHART  WORK  SHEET 
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Figure  2 

TYPICAL  LIQUID  COLLECTOR  PERFORMANCE  CURVES 
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1 — w 


* ** 
Dec 


TYPE 

FRC'trof ) 

W 

Btu 

^'rUl  Oc_m2 

°F-ft^ 

1 

0.6 

3.5 

0,6l 

2 

0. 6 

4.3 

0.75 

3 

0.73 

9.1 

1.60 

4 

0.90 

13.8 

2.42 

* Y-intercept 

**  slope  = Y-intercept/x -intercept 


enter  these  values  on  worksheet 
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P’igiil'e  3 

TYPICAL  AIR  COLLECTOR  PERTORMANCE  CURVES 


o 


I W 


Lackpassy  air 
flow  \inder  aLsorber 


frontpasB,  air  flow 
between  absorber  auid  glazing 


D 

C 

c 

TYPE 

FR  (“tor) 

W 

Btu 

FrUl  , ^C  -m2 

op-ft-^ 

1 

0.6 

3.5 

0.61 

2 

0.46 

2.8 

0.49 

3 

0.6 

5.0 

0.88 

4 

0.4 

10.0 

1.76 
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Figure  4:  f-Chart  Correlations 

from,  Solar  Heating  Design  by  the  f~Chart  Method;  Heckman,  Klein  an.d  Duffie 


Figure  5:  Sample  Worksheet  for  Billings  Example 
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APPENDIX  IV  : ECONOMIC  EVALUATION  OF  SOLAR  SYSTEMS 


1.0  INTRODUCTION 

Solar  radiation  is  a "free"  source  of  energy  but  to  capture  this 
free  energy  the  user  must  invest  a significant  amount  of  money  in  solar 
collection  equipment,  (a  solar  system  for  a residence  v/ill  cost  approxi- 
mately $7»000  to  $15»000.)  Once  this  initial  investment  is  made,  yearly 
energy  costs  consist  of  maintenance,  taxes,  interest  and  aiixiliaary  ener^ 
used  during  exceptionally  cold  and  cloudy  periods.  These  costs  must  be 
compared  to  the  alternative  of  a conventional  heating  system  and  increas- 
ing yearly  payments  for  fossil  fuels. 

Many  economic  analyses  of  solar  systems  are  available  in  government 
publications  and  the  solar  energy  literature.  Some  of  the  solar  design 
methods  reviewed  in  this  Manual  include  economic  analyses  as  part  of  the 
package.  For  example,  one  prepared  program  available  for  hand  program- 
mable calculators  (TI-59  or  HP-67)  includes  in  its  economic  analyses; 
the  mortgage  period;  the  mortgage  interest  rate;  the  general  inflation 
rate;  the  insurance  rate;  the  effective  federal-state  income  tax  rate; 
the  property  tax  rate;  tax  credits;  the  dovm  payment;  the  salvage  value; 
the  investment  tax  credit;  the  period  of  analyses;  the  market  discount 
rate;  the  operating,  maintenance,  and  fuel  costs  and  their  rates  of 
increase;  the  system  base  cost  and  the  collector  costs.  Depreciation  can 
be  calculated  using  either  declining  balance,  straight  line  or  sum  of 
year's  digits. 

All  economic  analyses  depend  on  predictions  of  future  inflation 
rates,  fossil  fuel  costs  and  solar  equipment  costs.  These  predictions 
have  a high  degree  of  uncertainty.  Further,  small  changes  in  the  assumed 
values  of  these  qUEmtities  can  make  dramatic  changes  in  the  economic  con- 
clusions. There  is  some  consensus  of  expert  opinion  on  the  following 
important  points;  (a)  Energy  cost  will  increase  about  4 to  6^<  per  year 
above  the  inflation  rate,  and  (b)  Solar  equipment  costs  v/ill  probably 
increase  with  the  inflation  rate  v;ith  only  minor  possible  reductions  with 
mass  production. 
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2.0  A SIMPLE  ECONOMIC  MODEL 

A simple  method  of  economic  analysis  is  presented  below  for  the 
solar  designer  who  wants  to  do  it  himself.  This  method  was  developed 
under  a Department  of  Iilnergy  grant  by  Charles  D.  Kolstad  of  Los  Alamos 
Scientific  Laboratoiy. 

The  analysis  utilizes  ’’real  dollars"  to  simplify  the  calculations. 

For  example:  if  the  inflation  rate  is  and  the  cost  of  a solar  loan  at 
the  bank  is  14^  the  "real  interest"  is  14^  - or  75^*  If  you  are 
paying  for  the  solar  system  with  money  from  your  savings  account  which 
ps^ys  then  the  "real  interest"  for  your  money  is  Similarly,  if 

fuel  costs  escalate  at  12/j  overall  rate  with  a inflation  rate,  the 
"real"  escalation  rate  of  fuel  costs  is  ^ per  year.  A form  for  effecting 
the  economic  analysis  is  given  in  Table  1. 

3.0  SAMPLE  ECONOMIC  ANALYSIS 

Assume  we  vjish  to  install  a solar  system  on  a new  house.  The 
2 

system  will  use  15m  of  collector  and  a performance  analysis  predicts 
that  the  system  will  supply  68^  of  the  annual  energy  requirement.  A heat 
load  analysis  predicts  an  annual  requirement  of  120  x 10^  Joules  (120  GJ). 
The  system  will  cost  $10,000.  The  alternative  is  to  use  electric  resis- 
tance heat.  The  average  cost  of  power  at  the  site  is  $0.035/ld>'-hr  (or 
$9.72/gj) . 

The  federal  tax  credit  VJidl  be  $2,200  on  this  system  and  the 
Montana  tax  credit  will  be  $125.  The  total  tax  credit  is  thus  $2325.  The 
bank  will  loan  us  the  money  for  the  system  at  I2^j  for  20  years  and  the 
inflation  rate  is  estimated  at  7/L  This  interest  is  a deduction  on  our 
federal  taxes,  which  for  our  tax  bracket  reduces  the  effective  interest 
rate  by  1^.  These  values  are  entered  into  the  form  in  Table  2,  The 
sample  calculations  show  that  this  solar  system  costing  $520/year  vjould 
be  economically  competitive  with  electric  heat  costing  $ 793/year. 

It  is  suggested  that  the  solar  designer  go  through  this  economic 
analysis  for  several  combinations  of  assumptions  of  fuel  escalation  rate 
and  inflation  rate. 
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APPENDIX  V : 

LEl'IGTH  m,  1 meter  - 3.2808  feet 

1 meter  = 39*3701  inches 
1 km  = 0.62137  miles 
1 ft /min  = 0.00508  m/s 
1 mile/h  = 0.44704  m/s 
1 km/h  = 0.277778  m/s 

TiEipiEUTURE : 

t°  P = ( 1.8  X T°  C)  + 32 
C = (t°  F - 32)/  1.8 

HASS  1 Ih  = 0.45359237  kp 

1 0 7.  = 28.  3495  G 
1 Ih/ft^  = 16.0185  kg/m^ 

1 Ih/h  = 0.00012599  kg/s 


CONVIhSION  IDIDTITIES 

AKEA  m^,  1 m^  = 10.7639 

1 m^  = 1550  in^ 

1 km"^  = 0.3860  mile^ 

1 km^  = 247*105  acres 

VOLUME  rn^,  1 ft ^ = 28.3168  liters 

1 U.S.gal  = 3.78544  liters 
1 ft^/lh  = 0.062428  m^/kg 

1 cfm  = 0.471947  liter/s 
1 U.S.  t‘gpm  = 0.0630907  liter/: 

FOU'CE  nevjton  N,  1 Ihf  = 4*44822  N 

1 psi  = 6.89476  kPA 
1 in  H^O  = 249*089  Pa 
1 atm  = 101 . 325  kPa 


;'iJERaY 


1 Id'/h  = 3410.08  Btu 

1 kWh  = 3600  kJ 

1 Btu  = 2.928  X 10”^  kWh 

1 Btu  = 1.0548  kJ 

1 Btu  = 0.251996  kcal 

1 Btu  = lO”^  therm 
-1  L 

1 Btu  = 10  quad 


ENERGY  1 14Wh/m^  = 31  6. 8l  5 Btu/ft^ 
DENSm  ^ ^ 

1 kUh/m^  = 360  j/cm^ 

1 kWh/m^  = 85*933  cal/cm^ 

( laingley) 

1 Btu/ft^  - 3*1517  X 10”^  kiJh/m'^ 

1 Btu/ft^  = 11.3538  kj/m^ 

1 Btu/ft^  - 1.13538  j/cm^ 

'’'i  o 

1 Btu/ft^  = 0.27125  cal/cm 

(langley) 


POWER 


POWER 
DENSITY 

1 Btu/h  = 2.931  X 10"^  W 
1 Btu/h  = 0.01667  Btu/min 
1 Btu/h  = 0.0700  cal/sec 
1 Btu/h  = 3*9275  X 10“^  hp 


'I  kW  = 3414.43  Btu/h 

1 kli  = 56.8253  Btu/min 

1 k-f  = 238.662  cal/sec 


1 Wi/m^  = 317*21  Btu/ft^-h 

P , 2 

1 W^'/m  = 3600  kj/m  -h 

P / 2 

1 ki/m  = 0.1  W/cm 
1 kW/m^  = 0.23901  lauigley/sec 
1 kW/m^  = 14.3406  langley/sec 
1 Btu/ft^-h  - 3.1524  w/m^ 

1 Btu/ft^-h  = 11,348  kj/m^-h 
1 Btu/ft^-h  =.  3.1524  X 10“'^  V,;'c:m' 

1 Btu/ft^-h  = 7*5347  X 10"5iar  ley/sec 
1 Btu/ft^-h  = 4*5208  X 10“^la-n'-ley/min 
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The  following  prefixes  are  recom- 
mended for  use  wifh  SI  unifst 

tera  T 10^^,  giga  G 10^ 

mega  M 10^  , kilo  k 10^ 

milli  m 10“^,  micro  10“^ 

-9 

nano  n 10  pico  p 10 


SOME  PROPERTIES  IN  SI  UNITS 


Density  (kg/m^) 

Copper 

8795 

Steel 

7850 

Aluminum 

2675 

Glass,  standard 

2515 

Concrete,  typical, 
hull ding 

2400 

Eater,  4°  C 

1000 

Ice,  -1°  C 

918 

Gypsum  plaster,  dry, 

23°  c 

881 

Oak,  14/j  vjet 

770 

Pine,  159^  v/et 

570 

Pine  fiherhoard,  24°C 

256 

Asbestos  cement,  sheet, 

30°  C 

150 

Cork  hoard,  dry,  l8°  C 

144 

Ebonite,  expanded,  10°  C 

64 

Mineral  wool,  batts,  -2°C 

32 

Polyurethane,  foam,  rigid 

24 

Polystyrene,  expanded, 

10°  C 

16 

Air,  p^,  20°  C 

1.204 

Heat  of  vaporization  (kj/kg) 

Eater,  20°  C 

2454.0 

Vlater,  100°  C 

2257.0 

Thermal  conductivitjy  (Vj/m 

° C) 

Copper 

385 

Aluminum 

211 

Steel 

47.6 

Ice,  -1°  C 

2.26 

Concrete,  typical, 
building 

1.73 

Glass,  standard 

1.05 

Vlater,  20°  C 

0.596 

Asbestos  cement,  sheet, 

30°  C 

0.319 

Gypsum  plaster,  dry,  23°C 

1.170 

Oak,  14y^  vjet 

0.160 

Pine,  15^  wet 

0.138 

Pine  fiberboard,  24°  C 

0.051 

Cork  board,  dry,l8°  C 

0.041 

Mineral  wool,  batts, 

-2°  C 

0.034 

Polystyrene,  expanded, 

10°  C 

0.034 

Ebonite,  expanded,  10°C 

0.030 

Air,  p^,  20°  C 

0,026 

Polyurethane,  foam, 
rigid 

0.024 

Specific  heat  (kj/kg°  C) 


Eater,  20°  C , p 

4.19 

Ice,  -21°  C to  -1 

° C 

2.10 

Steam  ( c ) , 100° 

P D 

C, 

1.95 

Air  (c  ),  20  C, 

.M  ^ 

Po 

1.01 

Concrete,  I8  C 

0.83 

Standard  gravity  g^:  g^=9 *80665  m/c 
Gas  constants: 

R = 831/|./lJ/kmol  K universal 
u 

R 287.045  j/kg  K air 

a, 

Stefan-Boltzmann  constant: 

= 5.6697  X 10"^  w/m^ 


cr 
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